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©  Metal  borldes,  carbides,  filicides,  nitrides,  oxide  materials  and  their  method  of  preparation. 

©  Precursors,  particularly  of  non-oxide  ceramics,  are  pre- 
pared  by  special  seeding,  under  carefully  controlled  condi- 
tions.  Such  procedures  can  lead  to  the  preparation  of  unique 
powders,  which  may  be  useful,  for  example  as  abrasives,  or 
further  processed  in  special  manner  to  prepare  a  variety  of 
metal  substances.  Such  procedures  can  permit  final  firing  to 
sintered  product. 
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R e c e n t l y ,   a s p e c t s   of  c o l l o i d a l   c n e m i s t r y   n a v e  

been   i n v e s t i g a t e d   as  a  s t a r t i n g   p o i n t   fo r   e v e n t u a l l y  

p r e p a r i n g   c e r a m i c   m a t e r i a l s .   For  e x a m p l e ,   s p h e r i c a l  

p a r t i c l e s   of  h y d r a t e d   b a s i c   a l u m i n u m   s u l f a t e   h a v e  

been   fo rmed   by  a  p r e c i p i t a t i o n   p r o c e s s   u t i l i z i n g   t n e  

u r e a   d e c o m p o s i t i o n   r e a c t i o n   in  a q u e o u s   medium.   T n e  

p a r t i c l e s   as  d i s c u s s e d   in  " T h e r m a l   D e c o m p o s i t i o n   o f  

S p h e r i c a l   H y d r a t e d   B a s i c   A l u m i n u m   S u l f a t e "   C e r a m i c  

B u l l e t i n ,   Volume  63,  N o .  2 ,   P a g e s   3 0 1 - 3 0 9 ,   can  b e  

c a l c i n e d   to  fo rm  f i n e l y   d i v i d e d   p a r t i c l e s   of  a l u m i n u m  

o x i d e .  

In  r e l a t e d   i n v e s t i g a t i o n s ,   m o n o d i s p e r s e d  

. . t i t a n i u m   d i o x i d e   p o w d e r s   h a v e  b e e n   s y n t h e s i z e d   by  t h e  

c o n t r o l l e d   h y d r o l y s i s   of  d i l u t e   a l c o h o l i c   s o l u t i o n s  

of  t i t a n i u m   a l k o x i d e s .   T h u s ,   as  d i s c u s s e d   i n  

" F o r m a t i o n ,   P a c k i n g ,   and  S i n t e r i n g   of  M o n o d i s p e r s e d  

TiO2  P o w d e r s " ,   C o m m u n i c a t i o n s   of  t he   A m e r i c a n  

C e r a m i c   S o c i e t y ,   D e c e m b e r   1 9 8 2 ,   P a g e s   C-199  to  C - 2 0 1 ,  



a  d i l u t e   a l c o h o l i c   s o l u t i o n   such   as  c o n t a i n i n g  

t i t a n i u m   t e t r a e t h o x i d e ,   by  use  of  s p e c i a l   m i x i n g  

t e c h n i q u e ,   can  be  used   to  p r e p a r e   a  v e r y   f i n e l y  

d i v i d e d   p r e c i p i t a t e .   By  use   of  s u c n   c o l l o i d a l  

c n e m i s t r y   t e c h n i q u e s   a t t e m p t s   a r e   b e i n g   made  t o  

p r e p a r e   i d e a l l y   s i n t e r a b l e   p o w d e r s   to  p r o d u c e  

t h e o r e t i c a l l y   d e n s e   s i n g l e - p h a s e   c e r a m i c s ,   t h e  

p o w d e r s   b e i n g   of  a  n a r r o w   s i z e   d i s t r i b u t i o n   and  in  a  

n o n - a g g l o m e r a t e d   s t a t e .  

C o n s i d e r i n g   fo r   a  moment   m a t e r i a l s   o t h e r   t h a n  

o x i d e s ,   t he   r e f r a c t o r y . m e t a l   b o r i d e s ,   c a r b i d e s   a n d  

n i t r i d e s   have   a l r e a d y   b e e n   d i s c u s s e d   f o r   use   a s  

c o m p o n e n t s   of  e l e c t r o l y t i c   a l u m i n u m   p r o d u c t i o n  

c e l l s .   M o r e o v e r ,   in  t he   p r o d u c t i o n   of  s u c h  

m a t e r i a l s ,   s o l u t i o n s   of  a l c o h o l i c   t i t a n i u m   have   b e e n  

s u g g e s t e d   as  u s e f u l .   Thus  in  U.S .   P a t e n t   A p p l i c a t i o n  

S e r i a l   No.  4 5 4 , 7 1 8   i t   has   been   p r o p o s e d   to  i n i t i a l l y  

f o r m u l a t e   s o l u t i o n s   of  a  t i t a n i u m   a l k o x i d e   p l u s  

s o l u b l e   b o r a t e   t o g e t h e r   w i t h   a  s o l u b l e   c a r o o n   s o u r c e ,  

s u c h   as  s u g a r ,   as  r e d u c i n g   a g e n t .   By  s t a r t i n g   w i t n   a  

c o m b i n a t i o n   of  i n g r e d i e n t s   in  t h i s   m a n n e r ,   and  by  u s e  

of  s u b s e q u e n t   c a r e f u l l y   c o n t r o l l e d   p r o c e s s i n g  

t e c h n i q u e s ,   a  f i n a l l y   s i n t e r e d   p r o d u c t   of  d e s i r a b l e  

d e n s i t y   and  p u r i t y   may  be  a c h i e v e d .  

I t   has  a l s o   been   p r o p o s e d   to   p r e p a r e   c a r b i d e   a n d  

n i t r i d e   a l l o y s ,   t h r o u g h   t h e   c a r b o t h e r m a l   r e d u c t i o n  

t e c h n i q u e ,   u s i n g   i n o r g a n i c   r e a g e n t s   of  t he   m e t a l s .  

Thus   in  " F a b r i c a t i o n   and  C n a r a c t e r i z a t i o n   of  S i C - A I N  

A l l o y s " ,   J o u r n a l   of  M a t e r i a l   S c i e n c e ,   Volume  1 6 ,  

P a g e s   3 4 7 9 - 3 4 8 8 ,   t h e r e   has  been   d i s c l o s e d   t h e  

p r e p a r a t i o n   of  an  a q u e o u s   s o l u t i o n   of  an  a l u m i n u m  

c h l o r i d e   in  c o n j u n c t i o n   w i t n   a  s t a r c h   d i s p e r s i o n .  

A f t e r   the   a d d i t i o n   of  f i n e l y   d i v i d e d   s i l i c a ,   pH 

a d j u s t m e n t   w i t h   ammonia   l e a d s   to  a l u m i n u m   h y d r o x i d e  



p r e c i p i t a t i o n .   The  p r e c i p i t a t e   can  be  d r i e d   a n d  

c a l c i n e d   to  y i e l d   an  S i C - A I N   c e r a m i c   a l l o y   p o w d e r .  

C o n s i d e r i n g   a g a i n   t he   p r e p a r a t i o n   of  b o r i d e s ,   a s  

w e l l   as  c a r b i d e s   and  n i t r i d e s   by  c a r b o t h e r m a l  

r e d u c t i o n ,   w h e r e i n   t h e   use  of  c a r b o n   p a r t i c u l a t e s  

have  been   e m p l o y e d ,   i t   has   been   s u g g e s t e d   t n a t   s u c h  

can  be  u s e f u l   wnen  p r e s s e d   t o g e t h e r   w i t h   o t n e r  

i n g r e d i e n t s .   Thus   in  B r i t i s h   P a t e n t   1 , 0 0 4 , 5 8 5 ,   t h e r e  

is   d i s c l o s e d   an  i n t i m a t e   m i x t u r e   of  b o r i c   o x i d e   a n d  

t i t a n i u m   d i o x i d e ,   w h i c h   i n c l u d e s   in  t he   m i x t u r e  

p a r t i c u l a t e   c a r b o n   s u c h   as  g r a p h i t e ,   t n o r o u g n l y  

b l e n d e d   t o g e t h e r ,   t h e n   c o m p r e s s e d   and  s i n t e r e d .   A 

f r i a b l e   p o w d e r   p r e p a r e d   by  such   p r o c e s s   can  b e  

e x p e c t e d   to  c o n t a i n   a  h i g h   y i e l d   of  t i t a n i u m   d i o o r i d e .  

Thus  a  v a r i e t y   of  r e a c t i o n s   and  a p p r o a c n e s   a r e  

b e i n g   made  to   p r e p a r e   u s e f u l   s u b s t a n c e s   f o r   t h e  

c e r a m i c   i n d u s t r y .   U n f o r t u n a t e l y ,   some  t e c n n i q u e s  

a l t h o u g h   p r o v i d i n g   p r o m i s e   in  r e g a r d   to  u n i f o r m i t y  

and  p u r i t y   of  m a t e r i a l s   nave   p r o v e n   to  De  t o o  

e x p e n s i v e   and  i n e f f i c i e n t   to  be  p r a c t i c a l .   O t h e r ,  

more  p r a c t i c a l   d e v e l o p m e n t s   in  economy  of  p r o c e s s i n g ,  

n e v e r t h e l e s s   r e l y   on  e x p e n s i v e   i n g r e d i e n t s   t h a t  

d e t r a c t   f rom  t h e   o v e r a l l   d e s i r a b i l i t y   of  t n e  

t e c n n i q u e .  

SUMMARY  OF  THE  INVENTION 

I t   w o u l d   t n u s   be  mos t   h i g n l y   d e s i r a o l e   t o  

p r e p a r e   h i g h l y   p u r e   and  c o n s o l i d a t e d   f i n a l   c e r a m i c  

and  r e f r a c t o r y   m a t e r i a l s   u s i n g   no t   o n l y   economy  o f  

p r o c e s s i n g   b u t   a l s o   of  i n g r e d i e n t s .   M o r e o v e r ,   t h e  

r e a c t i o n   s e q u e n c e   s h o u l d   p r o v i d e   f i n a l l y   s i n t e r e d  

m a t e r i a l s   of  d e s i r a b l e   m i c r o s t r u c t u r e   and  h i g h  

d e n s i t y .  



I t   has   now  b e e n   f o u n d   t h a t   h i g h l y   p u r e   a n d  

d e s i r a b l y   c o n s o l i d a t e d   c o m p o u n d s   can   be  p r o d u c e d   b y  

t a k i n g   a d v a n t a g e   of  r e a d i l y   a v a i l a b l e   and  i n e x p e n s i v e  

i n g r e d i e n t s .   M o r e o v e r ,   an  economy  in  p r o c e s s i n g   i s  

p r o v i d e d   by  t h e   p r e s e n t   i n v e n t i o n .   P r o d u c t s   of  a  

h i g h l y   d e s i r a b l e   m i c r o s t r u c t u r e   can  be  a c h i e v e d  

c o m b i n e d   w i t h   p r o d u c t   d e n s i t i e s   l e a d i n g   to   e x t e n d e d  

u s e ,   e v e n   u n d e r   s e v e r e   c o n d i t i o n s .  

In  b r i e f ,   t h e   p r e s e n t   i n v e n t i o n   may  be  i n i t i a t e d  

by  a  m e t h o d   f o r   p r o d u c i n g   a  m e t a l   o x i d e   i n  

c o m b i n a t i o n   w i t h   r e d u c i n g   a g e n t   f o r   t h e   o x i d e   w h e r e i n  

a  s o l u t i o n   of  a  s o l u b l e ,   n o n - o x i d e   s u b s t a n c e   of  t h e  

m e t a l   i s   p r e p a r e d   in  l i q u i d   m e d i u m ,   and  t h e r e a f t e r   pH 

a d j u s t m e n t   is   u s e d   to  p r e c i p i t a t e   m e t a l   o x i d e .   M o r e  

p a r t i c u l a r l y ,   t h e   p r e s e n t   i n v e n t i o n   c o m p r i s e s   s e e d i n g  

t h e   s o l u t i o n   w i t h   s o l i d   and  i n s o l u b l e ,   u l t r a f i n e  

c a r D o n   p a r t i c u l a t e s   t h a t   m a i n t a i n   t h e i r   s o l i d  

i n t e g r i t y   in  t h e   r e s u l t i n g   d i s p e r s i o n .   T h i s   s e e d e d  

d i s p e r s i o n   i s   a g i t a t e d   and  as  a g i t a t i o n   c o n t i n u e s ,  

t h e r e   i s   a  g r a d u a l   a d j u s t i n g   of  t h e   pH  of  l i q u i d  

m e d i u m   by  b r i n g i n g   t he   l i q u i d   medium  in  c o n t a c t   w i t h  

o r g a n i c ,   c a r D o n - c o n t a i n i n g   s u b s t a n c e   y i e l d i n g  

n y d r o x y l   i o n s   in  a q u e o u s   medium  at   e l e v a t e d  

t e m p e r a t u r e .   Then  t he   medium  is  e s t a b l i s h e d   a t  

s u f f i c i e n t l y   e l e v a t e d   t e m p e r a t u r e   to   y i e l d   h y d r o x y l  

i o n s ,   t h e r e b y   p e r m i t t i n g   f o r m a t i o n   of  h y d r o u s   m e t a l  

o x i d e   c r y s t a l s   w i t h   t he   u l t r a f i n e   p a r t i c u l a t e   c a r b o n  
s e e d s   in   t h e   d i s p e r s i o n .  

In  a n o t h e r   a s p e c t ,   t he   i n v e n t i o n   i s   d i r e c t e d   t o  

a  d r y ,   s o l i d   and  f r e e - f l o w i n g   g r a y   p i g m e n t a r y  

p a r t i c u l a t e   of  s u b s t a n t i a l l y   u n i f o r m l y   s i z e d  

p a r t i c l e s   h a v i n g   p a r t i c l e   s i z e   no t   a d o v e   a b o u t   0 . 5  

m i c r o n   and  c o m p r i s i n g   c r y s t a l s   of  h y d r o u s   m e t a l   o x i d e  

n u c l e a t e d   w i t h   a  m e t a l   o x i d e   r e d u c i n g   a g e n t   of  s o l i d ,  



u l t r a f i n e   c a r b o n   p a r t i c u l a t e   s e e d s .   In  a n o t h e r  

i m p o r t a n t   a s p e c t ,   the   i n v e n t i o n   i s   d i r e c t e d   to  a  

m e t h o d   f o r   m a k i n g   a  m e t a l   c a r b i d e   or  n i t r i d e   a b r a s i v e  

p o w d e r .  

S t i l l   a n o t h e r   a s p e c t   of  t h e   i n v e n t i o n   i n c l u d e s  

t h e   m e t h o d   of  m a k i n g   a  m e t a l   s i l i c i d e   of  h i g n  

p u r i t y .   M o r e o v e r   tne   i n v e n t i o n   i s   d i r e c t e d   to  t n e  

m e t h o d   of  m a k i n g   a  m e t a l   b o r i d e   of  h i g h   p u r i t y   in  a  

p r o c e s s   u t i l i z i n g   c a r b o n - n u c l e a t e d   t i t a n i u m   o x i d e  

c r y s t a l s   w h i c h   a r e   a d m i x e d   w i t h   b o r o n - c o n t a i n i n g  

s u b s t a n c e   and  c a l c i n e d   b e f o r e   f u r t n e r   r e a c t i o n   a n d  

s u b s e q u e n t   s i n t e r i n g .  

DESCRIPTION  OF  TiE  PREFERRED  EMBODIMENTS 

The  a r t i c l e s   o f t e n   p r o d u c e d   oy  t n e   p r e s e n t  

i n v e n t i o n   a r e   t he   r e f r a c t o r y   m e t a l   b o r i d e s ,   c a r b i d e s ,  

n i t r i d e s   and  m i x t u r e s ,   c o m b i n a t i o n s   and   c e r m e t s  

t h e r e o f .   T h e s e   a r e   most   t y p i c a l l y   t n e   b o r i d e s ,  

c a r b i d e s   and  n i t r i d e s   of  t he   G r o u p   IVb  m e t a l s  

t i t a n i u m ,   z i r c o n i u m   and  h a f n i u m ,   G r o u p   Vb  m e t a l s  

v a n a d i u m ,   n i o b i u m   and  t a n t a l u m ,   and  VIo  m e t a l s  

c h r o m i u m ,   m o l y b d e n u m   and  t u n g s t e n .   H o w e v e r ,   i t   is  t o  

be  u n d e r s t o o d   t n a t   o t h e r   m e t a l s ,   e . g . ,   a l u m i n u m ,   a s  

w e l l   as  o t h e r   c o m p o u n d s ,   such   as  s i l i c i d e s ,   a r e  

c o n t e m p l a t e d   and  w i l l   be  d i s c u s s e d   h e r e i n .   M i x t u r e s  

and  c o m b i n a t i o n s   i n c l u d e   p h y s i c a l   m i x t u r e s ,   e . g . ,  

p h y s i c a l   m i x t u r e s   of  t i t a n i u m   and  z i r c o n i u m   b o r i d e ,  

or  m i x t u r e s   p r o d u c e d   in  two  d i s c r e t e   p h a s e s   s u c h   a s  

t h e   s i m u l t a n e o u s   p r o d u c t i o n   of  a  b o r i d e   and  a  n i t r i d e  

or  t i t a n i u m   b o r i d e   p l u s   t i t a n i u m   c a r b i d e .   M o r e o v e r  

s u c h   m i x t u r e s   and  c o m b i n a t i o n s   can  i n c l u d e   t h e  

p r o d u c t i o n   of  s i n g l e   c o m p l e x   p h a s e s ,   e . g . ,   a  

b o r o c a r b i d e   or  b o r o n i t r i d e .   F u r t h e r m o r e   s u c h  



m i x t u r e s   can   i n c l u d e   c o m p o s i t e s   s u c h   as  T i B 2 / A l N .  

The  c e r m e t s   can  be  f o r m e d ,   f o r   e x a m p l e ,   by  p r e p a r i n g  

p o r o u s   c o m p o s i t e   b o d i e s   of  t h e   r e f r a c t o r y   a r t i c l e s  

and   t h e n   i n f i l t r a t i n g   them  w i t n   o t h e r   m e t a l s   o r  

a l l o y s .  

In  t h e   p r o d u c t i o n   of  t h e s e   r e f r a c t o r y   m e t a l  

c o m p o u n d s   t h e r e   can  be  u s e d   t n e   m e t a l   o x i d e   r e d u c t i o n  

m e t h o d .   In  t n e   r e d u c t i o n   m e t h o d   w h i l e   t h e   m e t a l   i s  

b e i n g   r e d u c e d   i t   is  o f t e n   r e a c t i n g   in  r e d u c e d  

c o n d i t i o n   w i t h   a d d i t i o n a l   s u b s t a n c e .   For  e x a m p l e ,  

t i t a n i u m   d i o x i d e   r e d u c e d   w i t h   c a r b o n   r e a c t i n g   w i t n  

b o r o n   to   f o r m   TiB2.   For  p u r p o s e s   of  c o n v e n i e n c e ,  

t h e   " r e a c t a n t "   for   c o m b i n a t i o n   w i t h   the   m e t a l ,   as  t n e  

t e r m   i s   u s e d   h e r e i n ,   is  m e a n t   t h e   s u b s t a n c e   r e a c t e d  

w i t h   s u c n   m e t a l   in  tne   d e s i r e d   p r o d u c t ,   e . g . ,   D o r i d e  

r e a c t a n t   to   p r e p a r e   t i t a n i u m   b o r i d e .  

For  i n i t i a t i n g   r e a c t i o n ,   in   g e n e r a l   an  a q u e o u s  
m e d i u m   c o n t a i n i n g   a  n o n - o x i d e   s u b s t a n c e   of  t h e   m e t a l  

in   s o l u t i o n   i s   p r e p a r e d .   Tne  s o l u t i o n   can  c o n t a i n  

f o r   e x a m p l e   t h e   s u l f a t e   or  h a l i d e   of  t he   m e t a l ,   f o r  

e x a m p l e ,   t i t a n i u m   t e t r a c n l o r i d e ,   a l t h o u g h   o t h e r  

o x y a n i o n s ,   e . g . ,   n i t r a t e s   a r e   c o n t e m p l a t e d .   T h e  

s o l u t i o n   w i l l   most   a l w a y s   be  s u b j e c t e d   to   a g i t a t i o n  

and   as  s u c h   p r o c e e d s ,   t h e r e   w i l l   be  a d m i x e d   w i t h   t h e  

s o l u t i o n   t h e   u l t r a f i n e ,   p a r t i c u l a t e   c a r b o n .   T n e  

u l t r a f i n e   c a r b o n   p a r t i c u l a t e   s h o u l d   be  of  h i g h   p u r i t y  

so  as  n o t   to   i n t r o d u c e   i m p u r i t i e s   i n t o   t h e  m i x t u r e .  

U l t r a f i n e   c a r b o n   p a r t i c u l a t e s   w h i c h   a r e   c o m m e r c i a l l y  

a v a i l a b l e   a r e   g e n e r a l l y   of  s u f f i c i e n t   p u r i t y   to  b e  

s e r v i c e a o l e ,   most  o f t e n   h a v i n g   v o l a t i l e s   of  l e s s   t h a n  

s i x   w e i g h t   p e r c e n t ,   and  many  h a v e   a  v o l a t i l e   c o n t e n t  

of  o n l y   two  w e i g h t   p e r c e n t   or  e v e n   l e s s .   F o r  

p r o v i d i n g   i n t i m a t e   c o n t a c t   d u r i n g   l a t e r   e l e v a t e d  

t e m p e r a t u r e   r e a c t i o n ,   i t   i s   c r i t i c a l   t h a t   t h e   a v e r a g e  



p a r t i c l e   s i z e   of  t h e   c a r b o n   p a r t i c u l a t e s   be  b e l o w  

a b o u t   0 .1   m i c r o n   and  such  a v e r a g e   s i z e   can  b e  

e x p e c t e d   to  be  a b o v e   0 .01   m i c r o n .   P r e f e r a b l y   s u c h  

p a r t i c u l a t e s   h a v e   an  a v e r a g e   p a r t i c l e   s i z e   of  b e t w e e n  

a b o u t   0 . 0 1 5   m i c r o n   and  a b o u t   0 . 0 6   m i c r o n .   S u c h  

p a r t i c u l a t e   c a r b o n   can  be  r e a d i l y   d i s p e r s e d   in  t h e  

s o l u t i o n   c o n t a i n i n g   the   m e t a l   by  c o n t i n u i n g   t n e  

a g i t a t i o n ,   to   p r e p a r e   a  r e s u l t i n g   d i s p e r s i o n .   In  t h e  

d i s p e r s i o n   s u c n   p a r t i c u l a t e s   need   to  be  i n s o l u b l e   a n d  

r e t a i n   t h e i r   p a r t i c u l a t e ,   s o l i d   i n t e g r i t y   to  s e r v e   a s  

s e e d s   f o r   t h e   h y d r o u s   m e t a l   o x i d e   c r y s t a l s .   I n  

a c t u a l   p r a c t i c e ,   even   u n d e r   s e v e r e   c o n d i t i o n s ,  

r e t e n t i o n   of  p a r t i c u l a t e   i n t e g r i t y   has  b e e n  

m a i n t a i n e d ,   s u c n   as  u n d e r   c o n d i t i o n   of  d i s p e r s i o n   pH 

on  t he   o r d e r   of   0 .1   or  so .   S u i t a o l e   s o u r c e s   of  t h e  

u l t r a f i n e   c a r b o n   p a r t i c u l a t e s   t n a t   w i l l   m a i n t a i n  

t h e i r   p a r t i c u l a t e   i n t e g r i t y   in  t n e   d i s p e r s i o n   i n c l u d e  

f u r n a c e   b l a c k s ,   c h a n n e l   c l a c k s ,   l a m p p l a c K s   a n d  

a c e t y l e n e   b l a c k s .   A l t h o u g h   i t   i s   d e s i r a b l e  t o -   a t  

l e a s t   a p p r o x i m a t e   s t o i c h i o m e t r i c   p r o p o r t i o n s ,   o t h e r  

p a r a m e t e r s   can   be  u s e f u l ,   such   as  on  the   o r d e r   o f  

a b o u t   50  p e r c e n t   of  the   c a r o o n   n e e d e d   f o r  

s t o i c h i o m e t r y ,   as  d e t e r m i n e d   by  t he   r e d u c t i o n   m e t h o d ,  

to  even   t h e   e m p l o y m e n t   of  a  s l i g h t   e x c e s s   o v e r  

s t o i c h i o m e t r i c .  

I t   i s   to   be  u n d e r s t o o d   t n a t   s y s t e m s   o t h e r   t n a n  

t h o s e   r e l y i n g   on  an  a q u e o u s   medium  a r e  c o n t e m p l a t e d .  

Thus  a  t i t a n i u m   t e t r a c n l o r i d e   s o l u t i o n   in  c a r b o n  

t e t r a c h l o r i d e   and   c o n t a i n i n g   tne   u l t r a f i n e   c a r b o n  

p a r t i c u l a t e s   in   d i s p e r s i o n   can  be  u s e f u l .   A q u e o u s  

h y d r o x y l - i o n - s u p p l y i n g   c o m p o s i t i o n ,   as  m o r e  

p a r t i c u l a r l y   d i s c u s s e d   h e r e i n b e l o w ,   can  be  b l e n d e d  

w i t h   s u c h   o r g a n i c   s o l u t i o n s   to  fo rm  the   i n i t i a l l y  

d e s i r e d   p r e c u r s o r   m a t e r i a l .   The  c a r b o n   t e t r a c h l o r i d e  



can  s i m p l y   be  d e c a n t e d   to   s u b s t a n t i a l l y   s e p a r a t e   t n e  

d e s i r e d   m a t e r i a l   as  a  p r e c i p i t a t e .  

C o n s i d e r i n g   a g a i n   t h e   d i s p e r s i o n   in  a g u e o u s  

m e d i u m ,   t h e   pH  can  now  be  a d j u s t e d   t h r o u g h   t he   use  o f  

o r g a n i c ,   c a r b o n - c o n t a i n i n g   p r e c u r s o r   s u b s t a n c e  

y i e l d i n g   h y d r o x y l   i o n s   in   a q u e o u s   medium.   T h e  

g r a d u a l   i n t r o d u c t i o n   of   h y d r o x y l   i o n s   a t   t h i s   s t a g e ,  

w i t h o u t   the   c o m m e n s u r a t e   i n t r o d u c t i o n   of  u n d e s i r e d  

c o n t a m i n a n t s ,   e . g . ,   u n d e s i r e d   c a t i o n s ,   is  c r i t i c a l ,  

t o g e t h e r   w i th   u n i f o r m   i n t r o d u c t i o n   of  s u c n   h y d r o x y l  

i o n s .   To  a c c o m p l i s h   t h i s ,   an  o r g a n i c  

c a r b o n - c o n t a i n i n g   p r e c u r s o r   s u b s t a n c e ,   t y p i c a l l y   o n e  

r e a c t i n g   w i t h   w a t e r   a t   e l e v a t e d   t e m p e r a t u r e   w i l l   b e  

u s e f u l .   E x e m p l a r y   of  s u c h   p r e c u r s o r   s u b s t a n c e s   a r e  

u r e a   and  a m i n e s .   By  way  of  e x a m p l e ,   u r e a   r e a c t s   w i t h  

w a t e r   a b o v e   a b o u t   7 0 ° C .   t o   form  ammonium  i o n s ,  

h y d r o x y l   i o n s   and  c a r o o n   d i o x i d e .   In  t h i s   m a n n e r ,  
t h e   i n t r o d u c t i o n   o f  h y d r o x y l   i o n s   is  g r a d u a l   a n d  

u n i f o r m .   Such  u n i f o r m i t y   i s   e n h a n c e d   by  c o n t i n u i n g  

a g i t a t i o n   of  t he   d i s p e r s i o n   d u r i n g   i n t r o d u c t i o n   o f  

t h e   o r g a n i c   p r e c u r s o r   s u b s t a n c e .   A d d i t i o n a l l y ,   s u c h  

a d d i t i o n   w i l l   most   a l w a y s   be  a c c o m p a n i e d   by  h e a t i n g .  

The  n e a t i n g   is  p r e f e r a b l y   c a r e f u l l y   c o n t r o l l e d   t o  

a s s i s t   in  a  g r a d u a l   and   u n i f o r m   i n t r o d u c t i o n   o f  

h y d r o x y l   i o n s   in  t h e   s o l u t i o n .   By  such   t e c h n i q u e ,  

t he   pH  of  the   d i s p e r s i o n   w i l l   c h a n g e ,   t y p i c a l l y  

a p p r o a c h i n g ,   and  m a y b e  e v e n   s u r p a s s i n g ,   n e u t r a l i t y ,  

a l t h o u g h   a  f i n a l   pH  w i t h i n   t he   r a n g e   of  f rom  a b o u t  

4 .5   t o   a o o u t   6  w i l l   u s u a l l y   be  r e a c h e d .   As  s u c h   pH 

c h a n g e   i s   t a k i n g   p l a c e   t h e r e   w i l l   g r a d u a l l y   b e  

f o r m i n g   a  p r e c i p i t a t e   o f   c r y s t a l s   of  h y d r o u s   m e t a l l i c  

o x i d e   n u c l e a t e d   by  t h e   p a r t i c u l a t e   u l t r a f i n e   c a r b o n  

p a r t i c l e s .   As  h y d r o l y s i s   i s   c o m p l e t e d ,   t he   m i x i n g   o f  

u l t r a f i n e   c a r b o n   s e e d s   a n d   t h e   h y d r o u s   m e t a l l i c   o x i d e  



w i l l   be  a c c o m p l i s h e d   on  a  m i c r o s c o p i c   s c a l e   p r o v i d i n g  

f i n a l   p a r t i c u l a t e s   t y p i c a l l y   h a v i n g   s i z e   l e s s   t h a n  

0 .5   m i c r o n   and   a v e r a g e   p a r t i c l e   s i z e   t y p i c a l l y   o f  

a b o u t   0 .2   m i c r o n .   Wnere  a  m e t a l l i c   s u l f a t e   has   b e e n  

used   i n i t i a l l y ,   p a r t i c l e s   of  n y d r a t e d   b a s i c   m e t a l l i c  

s u l f a t e   c an   be  e x p e c t e d   to  be  i n c l u d e d   in  t h e  

p r e c i p i t a t e .  

The  r e s u l t i n g   p r e c i p i t a t e   can  be  s e p a r a t e d   f r o m  

the   s u p e r n a t a n t   l i q u i d ,   such  as  by  d e c a n t a t i o n   o r  

c e n t r i f u g i n g .   O t h e r   s e p a r a t i o n   t e c h n i q u e s   may  a l s o  

be  u s e d ,   e . g . ,   f i l t r a t i o n   i n c l u d i n g   p r e s s u r e  

f i l t r a t i o n .   D u r i n g   sucn   s e p a r a t i o n   tne   p r e c i p i t a t e  

is   t y p i c a l l y   c o o l i n g   and  t h e r e a f t e r   i t   is   u s u a l l y  

w a s h e d ,   t h e r e b y   a s s i s t i n g   in  tne   c o o l i n g   and  r e m o v a l  

of  r e s i d u a l   m a t e r i a l s ,   e . g . ,   ammonium  c h l o r i d e   w n e r e  

a  m e t a l   c h l o r i d e   has   i n i t i a l l y   Deen  u s e d .  

A f t e r   s e p a r a t i o n ,   t he   p r e c i p i t a t e   is   g e n e r a l l y  

d r i e d   a l t h o u g h   u n d e r   some  c i r c u m s t a n c e s   a  d i s t i n c t  

d r y i n g   s t e p   w i l l   n o t   oe  n e c e s s a r y .   For  e x a m p l e ,  

whe re   a  p a r t i c u l a t e   c a r b o n   has  oeen  used   as  s e e d   f o r  

h y d r o u s   t i t a n i u m   o x i d e ,   and  t i t a n i u m   c a r b i d e   a b r a s i v e  

powder   i s   t h e   d e s i r e d   p r o d u c t ,   tne   m a t e r i a l   a f t e r  

s e p a r a t i o n   c a n   p r o c e e d   d i r e c t l y   to  a  h e a t i n g   s t e p ,  

wh ich   w i l l   u n d e r s t a n d a b l y   i n c l u d e   i n i t i a l   d r y i n g   o f  

t ne   m a t e r i a l   d u r i n g   t ne   h e a t i n g .   A l s o ,   d r y i n g   m a y  

no t   be  d i r e c t l y   i n v o l v e d   a f t e r   s e p a r a t i o n   w n e r e   t h e  

s e p a r a t e d   p r e c i p i t a t e  m a y   be  b l e n d e d   w i t h   f u r t h e r  

i n g r e d i e n t s   in   wet   c o n d i t i o n .   For  e x a m p l e ,   a  

c a r b o n - n u c l e a t e d   h y d r o u s   t i t a n i c   o x i d e   p r e c i p i t a t e  

c o u l d   be  o l e n d e d   w i t h   a  s o l u t i o n   of  b o r i c   a c i d .  

U s u a l l y   s u c h   t e c h n i q u e   w i l l   no t   be  p r e f e r r e d   as  s u c h  

b l e n d i n g   w i l l   n e c e s s a r i l y   be  f o l l o w e d   by  a  m o r e  

u n e c o n o m i c a l   d r y i n g   o p e r a t i o n .   Thus  w h e r e   b l e n d i n g  

o p e r a t i o n   i s   to   be  u s e d ,   i t   is  p r e f e r r e d   f o r   e c o n o m y  



to   d r y   t h e   s e p a r a t e d   p r e c i p i t a t e   and  t h e n   b l e n d   s a m e  

w i t h   d r y   r e a c t a n t .   By  way  of  i l l u s t r a t i o n   i t   i s  

p r e f e r a b l e   to  b l e n d   a  dry   b o r i c   a c i d   w i t h   a  m a t e r i a l  

d r i e d   a f t e r   s e p a r a t i o n   sucn   as  c a r b o n - n u c l e a t e d  

h y d r o u s   t i t a n i c   o x i d e   p r e c i p i t a t e .   I t   i s   t h u s   to  o e  

u n d e r s t o o d   t n a t   the   d r i e d   and  s e p a r a t e d   m a t e r i a l   i s  

d r i e d   i n   t he   s e n s e   of  b e i n g   t y p i c a l l y   a  f r e e   f l o w i n g  

p a r t i c u l a t e   m a t e r i a l   wh ich   can  i n c l u d e   w a t e r   o f  

h y d r a t i o n .   S i m p l e   e l e v a t e d   t e m p e r a t u r e   d r y i n g ,   s u c h  

as  a t   a  t e m p e r a t u r e   of  a b o u t   1 0 0 ° C . ,   f o r   a  p e r i o d  

of   s e v e r a l   n o u r s ,   e . g . ,   6-20  h o u r s ,   w i l l   be  u s u a l l y  

s u f f i c i e n t   to  p r e p a r e   a  d r y ,   f r e e - f l o w i n g   p a r t i c u l a t e  

f rom  t h e   s e p a r a t e d   m a t e r i a l ,   i . e . ,   a  f i n e l y   d i v i d e d  

m a t e r i a l   f e e l i n g   dry  to  tne   t o u c n .   Such  s o l i d  

p a r t i c u l a t e ,   s o m e t i m e s   r e f e r r e d   to  h e r e i n   f o r  

c o n v e n i e n c e   as  t he   " p i g m e n t a r y "   p a r t i c u l a t e ,   w i l l  

t y p i c a l l y   have   g r a y   a p p e a r a n c e   c o n t r i b u t e d   by  t n e  

c a r b o n   s e e d s   and  can  f i n d   u t i l i t y   f rom  i t s   g r a y ,  

p i g m e n t a r y   c h a r a c t e r i s t i c   as  w e l l   as   b e i n g   u s e f u l   i n  

t h e   f u r t h e r   p r o c e s s i n g   d i s c u s s e d   h e r e i n b e l o w .   O t h e r  

p r o c e d u r e s   f o r   d r y i n g ,   e . g . ,   f o r c e d   a i r   d r y i n g ,   c a n  

be  u s e d   f o r   p r o d u c i n g   the   f i n e l y   d i v i d e d   m a t e r i a l .  

Tne  p i g m e n t a r y   p a r t i c u l a t e   w i l l   be  o o s e r v e d   to  n a v e  

s u b s t a n t i a l l y   u n i f o r m l y   s i z e d   p a r t i c l e s ,   and  in  p a r t  

o w i n g   t o   t he   use   of  tne   u l t r a f i n e   c a r b o n   p a r t i c u l a t e  

s e e d s   w i l l   u s u a l l y   have  an  a v e r a g e   p a r t i c l e   s i z e   o f  

n o t   a b o v e   a b o u t   0 .5  m i c r o n .  

T h i s   p a r t i c u l a t e   can  t h e n   be  b l e n d e d   w i t h   o t n e r  

s u b s t a n c e s ,   and  such   s u o s t a n c e s   may  i n c l u d e  

r e a c t a n t .   For  e x a m p l e ,   b o r i c   a c i d   can   be  b l e n d e d  

w i t h   a  c a r b o n - n u c l e a t e d   h y d r o u s   t i t a n i c   o x i d e  

p r e c i p i t a t e ,   fo r   s u b s e q u e n t   p r e p a r a t i o n   of  t i t a n i u m  

d i b o r i d e ;   o r ,   m o l y b d e n u m   o x i d e   may  be  b l e n d e d   w i tn   a  

c a r b o n - n u c l e a t e d   h y d r o u s   s i l i c o n   o x i d e   p r e c i p i t a t e ,  



where   s u b s e q u e n t   m o l y b d e n u m   s i l i c i d e   is   c o n t e m p l a t e d ,  

as  w i l l   be  more  f u l l y   d i s c u s s e d   h e r e i n b e l o w .   A l s o ,  

c o n s t i t u e n t   a d j u s t m e n t s   may  now  be  made.   I t   i s  

d e s i r a b l e   f o r   m o s t   e c o n o m i c a l   o p e r a t i o n   t h a t  

i n o r g a n i c   s u b s t a n c e s   be  u s e d .   Tnus  fo r   b o o s t i n g  

c a r D o n   c o n t e n t   of  t ne   m a t e r i a l ,   a  s m a l l   a m o u n t   of  t n e  
u l t r a f i n e   c a r b o n   can  be  u s e f u l .   I t   is  h o w e v e r ,  

c o n t e m p l a t e d   t h a t   o r g a n i c   m a t e r i a l s ,   e . g . ,   s u c r o s e  

and  e t h y l e n e   g l y c o l   w i l l   be  s u i t a b l e   f o r   a d j u s t i n g  

t he   s e p a r a t e d   p r e c i p i t a t e .   I t   i s   to  be  u n d e r s t o o d  

t h a t   i n g r e d i e n t s   o t h e r   t h a n   r e a c t a n t   and  c o n s t i t u e n t  

a d j u s t m e n t s   may  be  a d d e d .   For  e x a m p l e ,   in  a  

s u b s e q u e n t   a l u m i n o t h e r m i c   or  c a r b o a l u m i n o t h e r m i c  

r e a c t i o n   i t   w o u l d   be  a c c e p t a b l e   to  add  a l u m i n u m   o r  

a l u m i n u m   c o n t a i n i n g   compound   to  t he   s e p a r a t e d  

p r e c i p i t a t e .  
The  a d d i t i o n   of  a l l   s u c h   m a t e r i a l s   can  be  m a d e  

by  any  m e t h o d   known  to  t h o s e   s k i l l e d   in  t ne   a r t  

s u i t a b l e   f o r   p r e p a r i n g   w e l l   b l e n d e d   m i x t u r e s   o f  

i n g r e d i e n t s .   Where   a  d r y i n g   s t e p   nas  been   e m p l o y e d  

w i t n   t ne   p r e c i p i t a t e ,   s u b s e q u e n t   b l e n d i n g   can  De  b y  

any  m e t h o d   known  in  t he   a r t   f o r   c o m b i n i n g   d r y  

i n g r e d i e n t s ,   e . g . ,   t w i n   s n e l l   m i x i n g   of  a  d r y  

p r e c i p i t a t e   w i t n   a  dry   r e a c t a n t   sucn   as  m o l y b d e n u m  

d i o x i d e .   Where   t h e   s e p a r a t e d   p r e c i p i t a t e   has  n o t  

been   d r i e d ,   any  of  t he   known  m e t h o d s   of  wet  b l e n d i n g  

may  be  u s e f u l .  A n d   wne re   an  i n s o l u b l e   r e a c t a n t   i s   t o  

be  a d m i x e d   w i t h   a  p r e c i p i t a t e ,   a  wet  m i x i n g   or  w e t  

m i l l i n g   o p e r a t i o n   can  p r o v i d e   a  d e s i r a b l e   m i x e d  

p r o d u c t .   Wet  b l e n d i n g   can  i n c l u d e   a d d i t i o n   o f  

s u b s t a n c e s   d i s s o l v e d  o r   s u s p e n d e d   in  s o l v e n t s   a n d  t h e  

s o l v e n t s   can  be  made  f u g i t i v e   d u r i n g   tne   b l e n d i n g  

o p e r a t i o n .   I t   i s   f u r t h e r m o r e   c o n t e m p l a t e d   t h a t  

b i n d e r s   m i g h t   be  u s e f u l   and  i n g r e d i e n t   a d d i t i o n s   c a n  



be  a c c o m p l i s h e d   by  b e i n g   i n c l u d e d   in  s u c h   b i n d e r  

m a t e r i a l s .   For  use  as  b i n d e r s   t h o s e   m a t e r i a l s   k n o w n  

in  t h e   a r t   a r e   s u i t a b l e   such   as  t he   u s u a l   waxes   a n d  

o r g a n i c   l i q u i d s .   The  b i n d e r   i t s e l f   may  be  d i s s o l v e d  

in  a  s o l v e n t   to   a s s i s t   in  p r e p a r i n g   a  u n i f o r m  

d i s p e r s i o n   of  i n g r e d i e n t s .   The  s o l v e n t   can  b e  

v o l a t i l i z e d   d u r i n g   m i x i n g   o p e r a t i o n .  

The  r e s u l t i n g   b l e n d ,   p r e p a r e d   by  any  of  t h e  

a b o v e - d i s c u s s e d   m e t h o d s ,   may  t h e n   be  p r e s s e d   a n d  

t h e r e a f t e r ,   or  w i t h o u t   p r e s s i n g ,   p r o c e e d s   to  a  

c a l c i n i n g   s t e p .   U n c a l c i n e d   p a r t i c l e s   can   be  e x p e c t e d  

to  c o n t a i n   s i g n i f i c a n t   a m o u n t s   of  w a t e r   o f  

h y d r a t i o n .   C a l c i n i n g   w i l l   r emove   t h i s   w a t e r .   T n e  

b l e n d   w i l l   a l s o   p r o c e e d   t h r o u g h   d e n y d r o x y l i z a t i o n   a n d  

where   a  s u l f a t e   m e t a l   s a l t   has   been   u s e d ,   t h e r e   w i l l  

be  d e s u l f u r i z a t i o n .   The  c a l c i n i n g   i s   c a r r i e d   on  at   a  

t e m p e r a t u r e   l o w e r   t h a n   f o r   p r o v i d i n g   t he   c a r b o t h e r m i c  

r e a c t i o n   t h a t   w i l l   t a k e   p l a c e   s u b s e q u e n t l y   d u r i n g   t h e  

r e a c t i o n ,   i f   p r o c e d u r e s   a r e   c a r r i e d   t h a t   f a r .   T h e  

c a l c i n i n g   can  p r o c e e d   most   a l w a y s   a t   n o r m a l   p r e s s u r e  

and  u n d e r   an  a t m o s p h e r e   of  a  n o n - i n t e r f e r i n g   gas  s u c h  

as  a r g o n .   Where  a  n i t r i d e   w i l l   be  t he   d e s i r e d  

p r o d u c t ,   s u c h   as  n i t r i d e   a b r a s i v e   p o w d e r ,   a  n i t r o g e n  

a t m o s p h e r e   w o u l d   oe  t y p i c a l l y   e m p l o y e d .   For  t h e  

c a l c i n i n g ,   t e m p e r a t u r e s   as  m o d e r a t e   as  a b o u t   2 5 0 o C .  

to  a b o u t   3 5 0 ° C ,   or  as  e l e v a t e d   as  on  t h e   o r d e r   o f  

f rom  a b o u t   6 0 0 ° C .   to  a b o u t   9 0 0 ° C ,   may  be  u s e d  

d u r i n g   t h e   c a l c i n i n g   s t e p .   S i n c e   t he   a f o r e d e s c r i D e d  

m i c r o s c o p i c a l l y   i n t i m a t e   m i x i n g   t h r o u g h   u l t r a f i n e  

c a r b o n   n u c l e a t i o n   has  r e s u l t e d   in  a  h i g h l y   r e a c t i v e  

m a t e r i a l ,   i t   i s   p r e f e r r e d   t n a t   t he   c a l c i n i n g   b e  

c a r r i e d   on  a t   a  t e m p e r a t u r e   a t   l e a s t   a b o u t   2 0 0 0 C . ,  

and  p r e f e r a b l y   a t   a b o u t   300°C .   or  so ,   l o w e r   t h a n  

the   s u b s e q u e n t   s i n t e r i n g   t e m p e r a t u r e   in  t h e   r e a c t i o n  



s i n t e r i n g   s t e p .   F o l l o w i n g   c a l c i n i n g   t h e r e   w i l l   b e  

p r o d u c e d   a  p a r t i c u l a t e   of  d e h y r o x y l i z e d   c r y s t a l s   w i t h  

m o s t  a l w a y s   a  g r a y   c a s t   from  t ne   p r e s e n c e   of  t h e  

c a r b o n   s e e d s .   Such   can  be  u s e f u l ,   e . g . ,   f o r   s p e c i a l  

p i g m e n t a t i o n   p u r p o s e s .   In  the   p a r t i c u l a r   c a s e   w h e r e  

a  b o r o n   r e a c t a n t   has   been  used   w i t h   a  

c a r b o n - n u c l e a t e d   h y d r o u s   t i t a n i c   o x i d e   p r e c i p i t a t e ,  

c a l c i n i n g   w i l l   p r e p a r e   a  g ray   p a r t i c u l a t e   o f  

s u b s t a n t i a l l y   u n i f o r m   s i z e d   p a r t i c l e s   w i t h   a t   l e a s t  

e s s e n t i a l l y   a l l   p a r t i c l e s   p a s s i n g   100  mesh  ( J . S .  

S i e v e   S e r i e s ) .  

B e f o r e   p r o c e e d i n g ,   c e r t a i n   t e r m s   as  u s e d  

h e r e i n a f t e r   w i l l   be  o r i e f l y   m e n t i o n e d .   A  " p r e c u r s o r  

m a t e r i a l "   i s   t n e   p a r t i c u l a t e   m a t e r i a l   r e s u l t i n g   f r o m  

t h e   c a l c i n i n g   o p e r a t i o n .   Tne  p r e c u r s o r   m a t e r i a l   c a n  

t h e n   p r o c e e d   t n r o u g n   a  t w o - s t a g e   p r o c e s s .   The  f i r s t  

s t a g e   is  r e f e r r e d   to  for   c o n v e n i e n c e   as  a  " f i r s t "  

r e a c t i o n   s t e p .   T h i s   s t e p   is  c a r r i e d   o u t   a t   e l e v a t e d  

t e m p e r a t u r e ,   b u t   a l w a y s   at   s u b s t a n t i a l l y   l e s s   t h a n  

n o r m a l   s i n t e r i n g   t e m p e r a t u r e .   A f t e r   t h i s ,   t n e   m o r e  

e l e v a t e d   t e m p e r a t u r e   s e c o n d   s t a g e   w i l l   be  r e f e r r e d   t o  

as  t n e   ' s i n t e r i n g   s t e p " .   As  w i l l   be  u n d e r s t o o d   b y  

t h o s e   s k i l l e d   in  t h e   a r t ,   the   r e a c t i o n   s t e p   may  b e  

c o m b i n e d   w i t h   t h e   s i n t e r i n g   s t e p   in  an  a c t u a l ,  

s i n g l e - s t a g e   e l e v a t e d   t e m p e r a t u r e   o p e r a t i o n .   S u c n  

o p t i o n a l   p r o c e d u r e   w i l l   be  more  f u l l y   d i s c u s s e d  

h e r e i n b e l o w .  

At  t h i s   j u n c t u r e   a n o t h e r   o p p o r t u n i t y   i s  

p r e s e n t e d   f o r   c o n s t i t u e n t   a d j u s t m e n t s .   As  d i s c u s s e d  

h e r e i n b e f o r e ,   f o r   most   e c o n o m i c a l   o p e r a t i o n ,  

i n o r g a n i c   s u b s t a n c e s   w i l l   be  u s e d .   A l s o ,   a n o t h e r  

o p p o r t u n i t y   is   p r e s e n t e d   fo r   t he   a d d i t i o n   o f ,   e . g . ,  



a l u m i n u m   f o r   a  s u b s e q u e n t   a l u m i n o t h e r m i c   r e a c t i o n .  

The  a d d i t i o n   of  s u c h   m a t e r i a l s   can  be  made  oy  t h e  

m e t h o d s   as  d i s c u s s e d   h e r e i n a b o v e ,   s u c h   as  by  t h e   u s e  

of  b i n d e r s   w i t h   i n g r e d i e n t   a d d i t i o n s   b e i n g  

a c c o m p l i s h e d   by  b e i n g   i n c l u d e d   in  s u c h   b i n d e r  

m a t e r i a l s .  

A f t e r   t he   a d j u s t m e n t s   and  t y p i c a l l y   a  b l e n d i n g  

o p e r a t i o n ,   t he   r e s u l t i n g   m i x t u r e   is   t h e n   g e n e r a l l y  

p r e s s e d   w h i c h   may  be  by  r o l l e r   p r e s s i n g   or  d r y  

p r e s s i n g   in  a  mold  or  i s o s t a t i c   p r e s s i n g ,   or  c o l d  

p r e s s i n g   and  h e a t i n g   or  ho t   p r e s s i n g .   T h i s   p r o d u c e s  

a  b o d y   of  t he   m i x t u r e   fo r   f u r t h e r   r e a c t i o n   b y  

h e a t i n g .   O t h e r   o p e r a t i o n s ,   e . g . ,   m a c h i n i n g   o r  

d r i l l i n g   of  t he   r e s u l t a n t   s h a p e d   p r o d u c t   may  b e  

e m p l o y e d   b e f o r e   h e a t i n g .   At  t h i s   s t a g e   of  t n e  

p r o c e s s ,   when  the   p o w d e r   i s   p r e s s e d   i n t o   a  s h a p e d  

a r t i c l e ,   t he   p r e s e n c e   of  a  b i n d e r   is   o p t i o n a l .   A 

t y p i c a l   p r e s s u r e   f o r   t he   p r e s s i n g   can  be  w i t h i n   t h e  

r a n g e   of  f rom  a b o u t   0 .5   KPSI  to  a b o u t   20  KPSI ,   a n d  

m o s t   u s u a l l y   f rom  a b o u t   0 .5   KPSI  to  2  KPSI  fo r   e a s e  

of  o p e r a t i o n .  

A f t e r   p r e s s i n g   t he   m a t e r i a l   i s   r e a d y   f o r  

h e a t i n g .   T h i s   h e a t i n g   s t e p   is   t he   " r e a c t i o n   s t e p " ,  

w h i c h   t e r m   has  been   m e n t i o n e d   n e r e i n b e f o r e .   In  t h i s  

s t e p ,   t h e   m a t e r i a l   i s   g e n e r a l l y   f i r s t   h e a t e d   f o r   a  

b r i e f   t i m e   at   a  r e d u c e d   t e m p e r a t u r e ,   f o r   e x a m p l e   f r o m  

a b o u t   2 0 0 - 4 0 0 ° C . ,   e . g . ,   to  p e r m i t   low  t e m p e r a t u r e  

d r y i n g .   When  the   p r o c e s s   is  a  c a r b o t h e r m i c  

r e d u c t i o n ,   i t   w i l l   be  t y p i c a l   b e f o r e   h e a t i n g   to   f i r s t  

l o a d   t h e   a r t i c l e   in   a  c a r b o n   or  g r a p h i t e   c r u c i b l e .  

Even  d u r i n g   the   i n i t i a l   low  t e m p e r a t u r e   h e a t i n g ,   i t  

i s   p r e f e r r e d   t h a t   t h i s   r e a c t i o n   s t e p   p r o c e s s   p r o c e e d  

u n d e r   r e d u c e d   p r e s s u r e   to  f a c i l i t a t e   e v a c u a t i o n   o f  

t r a p p e d   g a s s e s .   Low  p r e s s u r e   is   m a i n t a i n e d   a s  



h e a t i n g   c o n t i n u e s   s u c h   t h a t   t he   s t e p   i s   c a r r i e d   o u t  

at   a  vacuum  w i t h i n   t h e   r a n g e   of  f rom  a b o u t   1 

m i l l i t o r r   to  a b o u t   5 , 0 0 0   m i l l i t o r r s ,   and  m o r e  

t y p i c a l l y ,   f o r   e f f i c i e n t   e v a c u a t i o n   of  gas   c o u p l e d  

w i th   e conomy   of  o p e r a t i o n ,   a t   a  r e d u c e d   p r e s s u r e  

w i t h i n   t h e   r a n g e   of  f r o m   on  t he   o r d e r   of  a b o u t   50  

m i l l i t o r r s   to  a b o u t   1 , 0 0 0   m i l l i t o r r s .  

As  t h i s   r e a c t i o n   s t e p   is   c o n t i n u e d ,   t h e  

t e m p e r a t u r e   i s   i n c r e a s e d   bu t   is  a l w a y s   m a i n t a i n e d  

s u b s t a n t i a l l y   l e s s   t h a n   n o r m a l   s i n t e r i n g  

t e m p e r a t u r e .   In  the   s p e c i f i c   c a s e   fo r   t h e   p r o d u c t i o n  

of  a  c o m p o u n d   s u c n   as  t i t a n i u m   d i b o r i d e ,   t he   b r i e f ,  

i n i t i a l   h e a t i n g   a t   a  r e d u c e d   t e m p e r a t u r e   can  b e  

f o l l o w e d   by  a  r e l a t i v e l y   f a s t   t e m p e r a t u r e   i n c r e a s e   t o  

aDout   1 1 0 0 ° C .   Tne  h e a t i n g   r a t e   may  be  r e d u c e d   s u c h  

t h a t   t h e   s h a p e d   a r t i c l e   is   h e a t e d   in  t h i s   f i r s t  

r e a c t i o n   s t e p   to  a  t e m p e r a t u r e   maximum  w i t h i n   t h e  

r a n g e   of  f rom  a b o u t   1 1 0 0 ° C .   to  a b o u t   1 4 0 0 ° C .   F o r  

c o m p a r i s o n ,   a  u s u a l   t e m p e r a t u r e   fo r   i n i t i a t i n g   t h e  

r e a c t i o n   f o r   s u c h   t i t a n i u m   d i b o r i d e   can  oe  e x p e c t e d  

to  be  on  the   o r d e r   of  a b o u t   1500°C .   or  m o r e .   A t  

tne   u p p e r ,   a t t a i n e d   t e m p e r a t u r e   l e v e l   in  t n i s  

r e a c t i o n   s t e p ,   t he   s h a p e d   a r t i c l e s   a r e   a l l o w e d   t o  

r e m a i n   at   t e m p e r a t u r e   f o r   a  t ime   p e r i o d   s u f f i c i e n t   t o  

c o m p l e t e   a t   l e a s t   s u b s t a n t i a l   r e a c t i o n .   I t   i s  

a d v a n t a g e o u s   f o r   e conomy   of  o p e r a t i o n   t h a t   t h i s  

r e a c t i o n   p r o c e e d  v i r t u a l l y   to  c o m p l e t i o n ,  e . g . ,   t o  

above   95  p e r c e n t   and  more  u s u a l l y   to  99  p e r c e n t   o r  

so .   For  a  p r o d u c t   w h e r e   o f f - g a s s e s   w i l l   be  p r o d u c e d  

as  r e a c t i o n   p r o g r e s s e s ,   t h e   p r o g r e s s   of  t he   r e a c t i o n  

can  be  m o n i t o r e d   by  p l o t t i n g   t e m p e r a t u r e   and  p r e s s u r e  

a g a i n s t   t i m e .   T n u s ,   when  i t   is   o b s e r v e d   t h a t   t h e  

p r e s s u r e   b e g i n s   to  s u b s t a n t i a l l y   d e c r e a s e ,   a  c l e a r  

i n d i c a t i o n   i s   s i g n a l e d   t h a t   t he   r e a c t i o n   i s  



a p p r o a c h i n g   c o m p l e t i o n .   The  h e a t i n g   can  b e  

m a i n t a i n e d   f o r   a  w h i l e   l o n g e r   or  t e r m i n a t e d   to  e n d  

t h i s  r e a c t i o n   s t e p   and  the   p r o d u c t   i s   p e r m i t t e d   t o  

c o o l .  

If  the   r e s u l t i n g   m a t e r i a l   c r u m b l e s   e a s i l y ,   i t  

need   no t   be  c o m m i n u t e d ,   o t h e r w i s e   s u c h   o p e r a t i o n   i s  

g e n e r a l l y   in  o r d e r .   S i n c e   s i n t e r i n g   has   no t   as  y e t  

o c c u r r e d ,   c o n s t i t u e n t   a d j u s t m e n t s ,   or  o f t e n  

c o n s t i t u e n t   a d d i t i o n s ,   can  a g a i n   be  made  to  t n e  

p r o d u c t ,   as  w i l l   be  d i s c u s s e d   more  p a r t i c u l a r l y  

h e r e i n b e l o w .   I f   i t   is   deemed  t h a t   no  a d j u s t m e n t s   o r  

a d d i t i o n s   a r e   in   o r d e r ,   the   p u l v e r u l e n t   p r o d u c t   may  
t h e n   be  p r o c e s s e d .   For  t h i s   p r o c e s s i n g   a  p r e s s i n g  

o p e r a t i o n   u s i n g   a  b i n d e r   such  as  c a m p h o r ,  

p o l y e t n y l e n e   g l y c o l   or  p a r a f f i n   wax  can  o e  

a d v a n t a g e o u s   to   i n s u r e   s t r u c t u r a l   i n t e g r i t y   and  t h u s  

a  f o r m - s t a b l e   c o n d i t i o n   of  tne   s h a p e d   a r t i c l e   d u r i n g  

the   s u b s e q u e n t   s i n t e r i n g   s t e p .   H o w e v e r ,   a l l   t h e  

u s u a l   f o r m i n g   m e t h o d s   a re   c o n t e m p l a t e d ,   e . g . ,   s l i p  

c a s t i n g   and  m o l d i n g   p r o c e d u r e s .   The  s h a p e d   a r t i c l e  

can  be  m a c h i n e d   to   o o t a i n   d e s i r e d   s h a p e   or  g e o m e t r y .  

For  e x a m p l e ,   h o l e s   may  be  d r i l l e d   i n t o   t he   a r t i c l e   t o  

o b t a i n   a  h o n e y c o m b   s t r u c t u r e .  

The  s i n t e r i n g   s t e p   t h e n   p r o c e e d s   u n d e r   r e d u c e d  

p r e s s u r e   and  a t   s i n t e r i n g   t e m p e r a t u r e ,   and  m o s t  

d e s i r a b l e   w i t h   an  e s t a b l i s h e d   s i n t e r i n g   a i d  

a t m o s p h e r e .   By  t n i s   i t   is   meant   t h a t  - t h e   a t m o s p h e r e  

a r o u n d   the   s h a p e d   a r t i c l e   c o n t a i n s   s i n t e r i n g   a i d  

i n g r e d i e n t   in  t h e   v a p o r   p h a s e .   To  p r o d u c e   t h e  

a p p r o p r i a t e   a t m o s p h e r e   of  a c t i v a t i n g   a g e n t ,   o r  

" s i n t e r i n g   a i d " ,   s u c n   may  be  p r o v i d e d   by  a d d i t i o n   o f  

m a t e r i a l s   d i r e c t l y   or  by  r e a c t i o n .   In  t h e   p a r t i c u l a r  

c a s e   of  p r e p a r i n g   t i t a n i u m   d i o o r i d e ,   b o r o n   c a r b i d e ,  

or  b o r o n   n i t r i d e ,   or  b o t h   can  s e r v e   as  s i n t e r i n g  



a i d .   The  b o r o n   n i t r i d e   may  be  p r e s e n t   as  a  

p a r t i c u l a t e   m a t e r i a l ,   and  in  such   form  i t   can  b e  

i n c o r p o r a t e d   w i t h   o t h e r   r e a c t i o n   i n g r e d i e n t s .   T h u s  

i t   can  be  p r e s s e d   w i t h   s u c h   i n g r e d i e n t s   i n t o   a  

c o m p a c t   fo r   s i n t e r i n g .   Or  t he   l o o s e   p a r t i c u l a t e   w i l l  

be  s e r v i c e a b l e   when  p r e s e n t   a d j a c e n t   t h e   c o m p a c t .  

Boron  n i t r i d e   in  a  d u a l   r o l e   may  s e r v e   n o t   o n l y   as  a n  
a s s i s t a n t   in  r e a c t i o n   s i n t e r i n g ,   b u t   a l s o   as  a  

r e a c t i o n   p a r t i c i p a n t ,   as  in  t he   p r e p a r a t i o n   o f  

c o m p o s i t e s ,   s u c n   as  t h o s e   c o m b i n i n g   a l u m i n u m   n i t r i d e  

wi th   r e f r a c t o r y   m e t a l   c o m p o u n d s ,   a s - w i l l   be  d i s c u s s e d  

f u r t h e r   h e r e i n b e l o w .   At  even   tne   r e d u c e d   p r e s s u r e   o f  

the   r e a c t i o n   s i n t e r i n g   the   b o r o n   c a r D i d e   or  d o r o n  

n i t r i d e   w i l l   n a v e   a  f i n i t e   v a p o r   p r e s s u r e   t h a t   w i l l  

e s t a b l i s h   a  s i n t e r i n g   a i d   a t m o s p h e r e .   For  t h e  

p r e p a r a t i o n   of  an  e x e m p l a r y   t i t a n i u m   d i o o r i d e  

p r o d u c t ,   o t h e r   m a t e r i a l s   u s e f u l   fo r   e s t a b l i s h i n g   t h i s  

s i n t e r i n g   a i d   a t m o s p h e r e   by  r e a c t i o n   c o u l d   b e  

e l e m e n t a l   b o r o n ,   a c t i v e   c a r b o n ,   or  c a r b o n i t r i d e s   o f  

t i t a n i u m ,   as  e x a m p l e s   of  o t h e r   s o u r c e s   f o r   b o r o n   a n d  

c a r b o n   v a p o r s .  
To  a c h i e v e   t he   s i n t e r i n g ,   tne   h e a t i n g   w i l l   b e  

i n i t i a t e d   g r a d u a l l y ,   e s p e c i a l l y   wnere   b i n d e r   has  b e e n  

u s e d ,   to  a c c o m m o d a t e   b i n d e r   b u r n o f f .   when  t n i s   n a s  

been  a c c o m p l i s h e d ,   and  as  h e a t i n g   i s   c o n t i n u e d   u n d e r  

r e d u c e d   p r e s s u r e ,   a  q u i t e   r a p i d   t e m p e r a t u r e   i n c r e a s e  

can   be  p e r m i t t e d .   Thus  in  t he   c a s e   of  t n e  

p r e p a r a t i o n   of  t i t a n i u m   d i o o r i d e ,   t n e   s h a p e d   a r t i c l e  

m i g h t   be  h e a t e d   f rom  a  t e m p e r a t u r e   of  a o o u t   5 0 0 ° C  

to  ove r   2000°C  in  a  t i m e   of  f rom  as  s h o r t   as  a b o u t  

0.5  hour   to  as  l o n g   as  a b o u t   2  h o u r s .   C o n t i n u i n g  

w i t h   t h i s   s p e c i f i c   e m b o d i m e n t ,   sucn   t i t a n i u m   d i o o r i d e  

can  t h e n   be  m a i n t a i n e d   a t   a  s i n t e r i n g   t e m p e r a t u r e ,  

g e n e r a l l y   w i t h i n   t he   r a n g e   of  f rom  2000°C  to   n o t  



a b o v e   a b o u t   2 3 0 0 ° C .   For  added   e c o n o m y ,   i t   is   m o r e  

a d v a n t a g e o u s l y   m a i n t a i n e d   at   a  t e m p e r a t u r e   w i t h i n   t h e  

r a n g e   of  f rom  a b o u t   2000°C  to  a b o u t   2 1 0 0 ° C ,   f o r   a  

t i m e   of  f rom  a b o u t   1  hour   to  a b o u t   4  h o u r s .  

S i n t e r i n g   t i m e s   of  l e s s   t han   a b o u t   1  h o u r   f o r   t h e  

p a r t i c u l a r   t i t a n i u m   d i p o r i d e   can   r e s u l t   i n  

i n s u f f i c i e n t   c o n s o l i d a t i o n .   I f   s i n t e r i n g   t i m e s  

e x c e e d   more  t h a n   a b o u t   4  h o u r s   u n w a n t e d   c o n t a m i n a n t s  

f rom  s u r r o u n d i n g   m a t e r i a l s   may  be  a g g r e g a t e d   w i t h   t h e  

d e s i r e d   p r o d u c t .   At  tne   end  of  t h e   s i n t e r i n g  

o p e r a t i o n ,   t he   r e s u l t i n g   s i n t e r e d   p r o d u c t   i s  

p e r m i t t e d   to  c o o l   and  can  t h e n   be  s e p a r a t e d   f rom  a n y  

a d h e r i n g   m a t e r i a l s ,   e . g . ,   a  s u r r o u n d i n g   p u l v e r u l e n t  

s i n t e r i n g   a i d   m a t e r i a l .   Such  m a t e r i a l   can   g e n e r a l l y  

be  r e m o v e d   f rom  t he   p r o d u c t   e i t h e r   by  s u r f a c e  

g r i n d i n g   or  b r u s h i n g .   The  f o r e g o i n g   d i s c u s s i o n   o n  

h e a t i n g   has   been   p r e s e n t e d   as  a  t w o - s t e p   p r o c e d u r e ,  

g o i n g   f i r s t   to  a  r e a c t i o n   s t e p   and  t h e n   to   a  

s i n t e r i n g   s t e p .   T h i s   is   the   p r e f e r r e d   p r o c e d u r e   f o r  

p u r p o s e s   of  f l e x i b i l i t y   in  a d j u s t i n g   r e a c t a n t s   and  t o  

p r o d u c e   t h e   most   p u r e ,   c o n s o l i d a t e d   m a t e r i a l .   I t   i s ,  

h o w e v e r ,   to   be  u n d e r s t o o d   t n a t   a  o n e - s t e p   h e a t i n g  

p r o c e d u r e   may  be  u s e d .   In  g e n e r a l ,   t h e  

a b o v e - d i s c u s s e d   r e a c t i o n   s t e p   w o u l d   be  e m p l o y e d ,   a n d  

f r o m   t h e r e   t h e   p r o c e s s   would  p r o c e e d   d i r e c t l y   to   t h e  

more   e l e v a t e d   t e m p e r a t u r e   s i n t e r i n g ,   b u t   b e i n g  

c a r e f u l   t n a t   the   o t h e r   s i n t e r i n g   s t e p   f e a t u r e s ,   s u c h  

as  s i n t e r i n g   a i d   a t m o s p n e r e ,   a r e   u t i l i z e d .  

As  m e n t i o n e d   b r i e f l y   h e r e i n b e f o r e ,   in   t h e  

t w o - s t e p   h e a t i n g   s e q u e n c e ,   t he   p r e c u r s o r   p o w d e r ,  

b e f o r e   t h e   r e a c t i o n   s t e p ,   may  be  b l e n d e d   w i t h  

a d d i t i o n a l   r e a c t a n t s   or  s u o s t a n c e s   and  t n e n   f u r t h e r  

h e a t   p r o c e s s e d .   By  way  of  an  e x a m p l e   in   more  d e t a i l ,  
in  t h e   s p e c i f i c   c a s e   of  o b t a i n i n g   a  T i B 2 / A l N  



c o m p o s i t e ,   t he   AlN  can   be  a d m i x e d   w i t h   the  p r e c u r s o r  

p o w d e r   p r i o r   to   t n e   f i r i n g   s t e p .   A l t e r n a t i v e l y ,  

b o r o n   n i t r i d e   and  m e t a l l i c   a l u m i n u m   can  De  a d d e d  

s e p a r a t e l y ,   to  f o r m   t h e   m e t a l l i c   a luminum  n i t r i d e   i n  

s i t u .  

In  t he   f o r m a t i o n   of   t he   T i B 2 / A l N   c o m p o s i t e ,   i t  

is   a l s o   c o n t e m p l a t e d   t h a t   t he   p r o c e s s i n g   f o r  

p r e p a r i n g   sucn   m a t e r i a l s   can  be  i n i t i a t e d   w i t h   t h e  

c a r b o n   s e e d i n g   of  t h e   a q u e o u s   medium  c o n t a i n i n g   m e t a l  

in  s o l u t i o n .   In  t n i s   p r o c e s s i n g ,   p a r t i c u l a t e   m e t a l  

and  more  s p e c i f i c a l l y   p a r t i c u l a t e   a l u m i n u m   fo r   t n e  

i l l u s t r a t i v e   c o m p o s i t e ,   i s   p r e s e n t   as  a  s e e d i n g  

i n g r e d i e n t   a l o n g   w i t h   t h e   u l t r a f i n e   c a r b o n .  

P r o c e s s i n g   c o n t i n u e s   as  d e s c r i b e d   h e r e i n b e f o r e   s u c h  

t h a t ,   f o r   e x a m p l e ,   a  c a r b o n - n u c l e a t e d   as  w e l l   a s  

a l u m i n u m - n u c l e a t e d   h y d r o u s   t i t a n i c   o x i d e   p r e c i p i t a t e  

is   p r e p a r e d .   T n i s   p r e c i p i t a t e   is  t h e n   p r o c e s s e d   i n  

the   m a n n e r   as  h e r e i n a b o v e   d e s c r i b e d .   The re   c a n  

i n i t i a l l y   r e s u l t   f r o m   t h i s   t e c h n i q u e   a  g r a y  

p i g m e n t a r y   p o w d e r   of   h y d r o u s   m e t a l   o x i d e   n u c l e a t e d  

w i t h   t he   c a r b o n   and  a l u m i n u m   p a r t i c l e   s e e d s .   D r y i n g  

can  p r o d u c e   a  f r e e - f l o w i n g   p a r t i c u l a t e ,   dry  to  t n e  

t o u c h ,   t h a t   w i l l   be  u s e f u l   fo r   i t s   e l e c t r i c a l   a n d  

t h e r m a l l y   c o n d u c t i v e   p r o p e r t i e s   as  we l l   as  fo r   i t s  

p i g m e n t a r y   c h a r a c t e r .   I t   is   to  be  u n d e r s t o o d   t h a t  

a d d i t i o n a l   p u l v e r u l e n t   m e t a l ,   e . g . ,   a l u m i n u m   f l a k e   o r  

p o w d e r ,   can  be  b l e n d e d   w i t h  t h i s   dry   p a r t i c u l a t e .  

For  e f f i c i e n c y ,   i t   i s   p r e f e r r e d   t h a t   a d d i t i o n   o f  

p u l v e r u l e n t   m e t a l   be  i n i t i a t e d   at  t h i s   j u n c t u r e   o f  

t h e   p r o c e s s i n g   f o r   p r e p a r i n g   c o m p o s i t e s .   T h u s ,   f o r  

e f f i c i e n c y ,   t h e   m e t a l   i s   b l e n d e d   w i t h   h y d r o u s  

m e t a l l i c   o x i d e   p r e c i p i t a t e   wh ich   is  o n l y  

c a r b o n - n u c l e a t e d .   I t   i s   to  be  u n d e r s t o o d   t h a t   o t h e r  

i n g r e d i e n t s ,   e . g . ,   b o r o n   n i t r i d e   may  be  added   a t   t h i s  



s t a g e   of  the   p r e p a r a t i o n   m e t h o d .  

The  m a t e r i a l   can   t h e n   p r o c e e d   to  t he   c a l c i n i n g  

o p e r a t i o n   in  t he   m a n n e r   as   has   b e e n   d i s c u s s e d  

h e r e i n a D o v e .   A f t e r   c a l c i n i n g ,   w h e r e   p a r t i c u l a t e  

m e t a l   has  been  used   a l o n g   w i t n   u l t r a f i n e   c a r b o n   i n  

s e e d i n g ,   the   c a l c i n i n g   w i l l   now  p r o d u c e   a n  

e l e c t r i c a l l y   and  t h e r m a l l y   c o n d u c t i v e   p a r t i c u l a t e  

which   a g a i n   is  c o n t e m p l a t e d   f o r   use  on  t he   b a s i s   o f  

such   p r o p e r t i e s ,   as  w e l l   as  f o r   use   in  t he   f u r t n e r  

p r o c e s s i n g   d e s c r i b e d   h e r e i n a f t e r .   The  p a r t i c u l a t e  

w i l l   c o m p r i s e   d e h y d r o x y l i z e d   m e t a l   o x i d e   n u c l e a t e d  

w i th   t h e   u l t r a f i n e   c a r b o n   p l u s   t n e   p a r t i c u l a t e  

m e t a l .   F o l l o w i n g   c a l c i n i n g ,   a  s u b s t i t u e n t   a d d i t i o n  

s t a g e   is   a g a i n   p r e s e n t e d .   T h i s   i n c l u d e s   a n  

o p p o r t u n i t y   fo r   c o n s t i t u e n t   a d j u s t m e n t s .   A g a i n  

m a t e r i a l s   such   as  p a r t i c u l a t e   a l u m i n u m ,   a l u m i n u m  

n i t r i d e ,   and  b o r o n   n i t r i d e   w o u l d   be  c o n s i d e r e d   w h e r e  

p r o c e s s i n g   has  been   i n i t i a t e d   w i t h   a  t i t a n i u m   m e t a l  

and  a  T i B 2 / A l N   c o m p o s i t e   i s   t h e   d e s i r e d   f i n i s h e d  

p r o d u c t .   P r o c e s s i n g   s t e p s   as  d i s c u s s e d   n e r e i n b e f o r e ,  

a r e   t h e n   to  be  u n d e r t a k e n   a t   t h i s   s t a g e   f o r  

p r o c e e d i n g   t h r o u g h   to   t h e   f i n a l   p r e p a r a t i o n   of  t n e  

c o m p o s i t e .  

I t   is  t n u s   to  De  a p p r e c i a t e d   t h a t   a l t e r n a t i v e s  

to  t he   mere  c a r b o t h e r m i c   r e a c t i o n   f o r   p r e p a r a t i o n   o f  

u s e f u l   m a t e r i a l s   a r e   s e r v i c e a b l e   in  t n e   p r e s e n t  

i n v e n t i o n .   As  o u t l i n e d   h e r e i n a b o v e ,   one  u s e f u l  . .  

a l t e r n a t i v e   p r o c e d u r e   i s   t h e   c a r b o a l u m i n o t h e r m i c  

r e a c t i o n ,   i . e . ,   r e d u c t i o n   w i t h   b o t h   c a r b o n   a n d  

a l u m i n u m .   As  an  i l l u s t r a t i o n ,   t i t a n i u m   o x i d e   m i x e d  

w i t h   b o r o n   o x i d e   can  be  r e d u c e d   w i t h   c a r b o n   a n d  

a l u m i n u m ,   and  i f   c o n d u c t e d   in  t h e   p r e s e n c e   of  a  

n i t r o g e n   a t m o s p h e r e   w i l l   p r o d u c e   t i t a n i u m   d i D o r i d e  

and  a l u m i n u m   n i t r i d e .   A l s o ,   r e a c t e d   m a t e r i a l   can  b e  



o b t a i n e d   f r o m   d i r e c t   a d d i t i o n   of  a l u m i n u m   n i t r i d e   t o  

t h e   p r e c u r s o r   or  by  in  s i t u   r e a c t i o n   b e t w e e n   b o r o n  

n i t r i d e   and  a l u m i n u m .  

I n g r e d i e n t s   f o r   p r e p a r i n g   a  c o m p o s i t e   in  t h e  

f i n a l   s i n t e r i n g   s t e p   can   oe  mixed   t o g e t n e r   b e f o r e  

s i n t e r i n g   and  p r e s s e d   i n t o   a  s h a p e d   a r t i c l e ,  

t y p i c a l l y   u s i n g   a  b i n d e r   as  has  been  d i s c u s s e d   i n  

g r e a t e r   d e t a i l   n e r e i n b e f o r e .   The  p r e s s e d   a r t i c l e   i s  

t h e n   g e n e r a l l y   b r o u g h t   up  to   s i n t e r i n g   t e m p e r a t u r e   i n  

a  m a n n e r   s u c h   as  d e s c r i b e d   h e r e i n b e f o r e   w i t h   r e s p e c t  

to   s i n t e r i n g ,   p r e f e r a b l y   u n d e r   an  a r g o n   a t m o s p h e r e   a s  

w i t h   t ne   s i t u a t i o n   of  p r e p a r i n g   T iB2 /A1N  t o   p r e v e n t  

l o s s   of  a l u m i n u m   n i t r i d e .   For  s i n t e r i n g   t h e  

T i B 2 / A l N   c o m p o s i t e ,   a  t e m p e r a t u r e   w i t h i n   t h e   r a n g e  
of  f rom  a b o u t   1 8 0 0 ° C   to   a b o u t   2100°C ,   m a i n t a i n e d  

f o r   a  t i m e   of  a o o u t   2  n o u r s   to  a b o u t   8  n o u r s ,   w i l l   b e  

u s e f u l .   The  r e s u l t i n g   s h a p e d   a r t i c l e   i s   t n e n   a l l o w e d  

to  c o o l   and  t r e a t e d   as  d e s c r i b e d   n e r e i n a o o v e .   T h i s  

s p e c i f i c   c o m p o s i t e   is  p a r t i c u l a r l y   u s e f u l   in   a n  
a l u m i n u m   e l e c t r o w i n n i n g   p r o c e s s   fo r   i t s   k n o w n  

r e s i s t a n c e   to   b o t h   a l u m i n u m   and  c r y o l i t e .  

As  b r i e f l y   m e n t i o n e d   h e r e i n b e f o r e ,   i t   can   a l s o  

be  d e s i r a b l e   to  u se   u l t r a f i n e  c a r b o n   p a r t i c u l a t e s   a s  

s e e d i n g   m a t e r i a l   in  a  l i q u i d   medium  c o n t a i n i n g  

s i l i c o n   in  s o l u t i o n .   The  s o l u t i o n   w i l l   t h e n   b e  

h a n d l e d   in  t h e   a b o v e - d i s c u s s e d   manner   to   p r o v i d e   a  

c a r b o n - n u c l e a t e d   h y d r o u s   s i l i c o n   o x i d e   p r e c i p i t a t e .  

Such  p r e c i p i t a t e   i s ,   a b o v e - d e s c r i o e d ,   to   p r e p a r e   a  

d r y ,   f r e e - f l o w i n g   p a r t i c u l a t e   c o n t a i n i n g  

c a r b o n - n u c l e a t e d   h y d r o u s   s i l i c o n   o x i d e .   F o l l o w - u p  

p r o c e s s i n g   s u b s e q u e n t l y   p r e p a r e s   a  c a r b o n - n u c l e a t e d  

p a r t i c u l a t e   c o m p r i s i n g   c r y s t a l s   of  d e h y d r o x y l i z e d  

s i l i c o n   o x i d e .   E i t h e r   t h e   i n i t i a l   f r e e - f l o w i n g  

p a r t i c u l a t e   or  t h e   d e h y d r o x y l i z e d   p a r t i c u l a t e   can  b e  



mixed  w i t h   an  o x i d e   of  a  m e t a l ,   w i t h   t he   m e t a l   b e i n g  

s e l e c t e d   for   p r e p a r i n g   by  c o n t i n u i n g   o p e r a t i o n   a  

s i l i c i d e   of  s u c h   m e t a l .   A f t e r   c a l c i n i n g   and  a n y  

s u b s t i t u e n t   a d j u s t m e n t s   or  a d d i t i o n s ,   t he   c o m p o s i t i o n  

may  t h e n   p r o c e e d   in  s u c h   m a n n e r   as  d i s c u s s e d  

h e r e i n b e f o r e ,   e . g . ,   t h r o u g h   b i n d i n g   and  p r e s s i n g  

o p e r a t i o n .   E v e n t u a l l y ,   as  a  compound   p r o d u c t i o n  

s t e p ,   t h e   m a t e r i a l   w i l l   be  r e a c t e d   a t   e l e v a t e d  

t e m p e r a t u r e   s u i t a b l e   f o r   p r e p a r i n g   t he   s i l i c i d e   f r o m  

the   m e t a l   s e l e c t e d .   M e t a l   s i l i c i d e s   of  p a r t i c u l a r  

i n t e r e s t   i n c l u d e   t h o s e   p r e p a r e d   f rom  m e t a l s   s u c h   a s  

m e n t i o n e d   h e r e i n b e f o r e ,   e . g . ,   m o l y b d e n u m .  

The  f o l l o w i n g   e x a m p l e   shows   a  way  in  w h i c h   t h e  

i n v e n t i o n   has  b e e n   p r a c t i c e d   bu t   s h o u l d   no t   b e  

c o n s t r u e d   as  l i m i t i n g   t h e   i n v e n t i o n .  

EXAMPLE 

A  s o l u t i o n   of  496  m i l l i l i t e r s   of  a q u e o u s  
t i t a n i u m   t e t r a c h l o r i d e   was  p r e p a r e d   in  2 5 0 0  

m i l l i l i t e r s   of  d e i o n i z e d   w a t e r .   With  c o n s t a n t  

s t i r r i n g ,   t h e r e   was  a d d e d   to   t h i s   s o l u t i o n ,   87  g r a m s  
of  an  u l t r a f i n e   c a r b o n   b l a c k   w h i c h   was  an  a c e t y l e n e  

b l a c k   h a v i n g   an  a v e r a g e   p a r t i c l e   s i z e   of  0 . 0 4  

m i c r o n .   The  r e s u l t i n g   d i s p e r s i o n   had  a  pH  of  a b o u t  

0 . 1 .   As  a g i t a t i o n   c o n t i n u e d ,   u r e a   a d d i t i o n   w a s  

i n i t i a t e d .   D u r i n g   u r e a   a d d i t i o n ,   h e a t   was  a p p l i e d .  

As  the   pH  of  t h e   d i s p e r s i o n   a p p r o a c h e d   1 . 5 ,   and  t h e  

d i s p e r s i o n   t e m p e r a t u r e   a p p r o a c h e d   1 0 0 ° C . ,   a  

p r e c i p i t a t e   s t a r t e d   to  f o r m .   Urea   a d d i t i o n   w a s  

c o n t i n u e d   u n t i l   a  t o t a l   of  173  g rams   of  u r e a   had  b e e n  
a d d e d .   H e a t i n g   was  m a i n t a i n e d   a t   100°C .   T h e  

r e s u l t i n g   d i s p e r s i o n   a c h i e v e d   a  s l i g h t l y   b a s i c   p d .  

The  p r e c i p i t a t e   was  f i l t e r e d   and  a i r   d r i e d   f o r  



a b o u t   16  h o u r s   a t   1 1 0 ° C .   T h e r e   r e s u l t e d   a  g r a y  

f r e e - f l o w i n g   p a r t i c u l a t e ,   d ry   to  the   t o u c h ,  

c o n t a i n i n g   a  h y d r o u s   t i t a n i u m   o x i d e   n u c l e a t e d   w i t h  

the   c a r b o n   b l a c k   s e e d s .   A l l   of  t he   m a t e r i a l   p a s s e d  

t h r o u g h   a  50  mesh  s c r e e n   ( U . S . S . S . ) .  

A  w e i g h t   of  209  g rams   of  t h i s   m a t e r i a l   was  t w i n  

s h e l l   b l e n d e d   w i t h   267  g rams   of  d r y ,   p u l v e r u l e n t  

b o r i c   a c i d   f o r   one  h o u r .   T h i s   r e s u l t i n g   b l e n d   w a s  

p l a c e d   in  an  a l u m i n a   c r u c i b l e ,   wh ich   was  pu t   in  a n  
I n c o n e l   r e t o r t   t h a t   was  p l a c e d   in  a  c r u c i b l e  

f u r n a c e .   For  c a l c i n i n g   in  t he   f u r n a c e ,   t he   m i x t u r e  

was  h e a t e d   f o r   8  e i g h t   h o u r s   at   250°C.   u n d e r   a  

f l o w i n g   a r g o n   a t m o s p h e r e .   A f t e r   h e a t i n g ,   the   p r o d u c t  

was  c o o l e d   and  f o u n d   to  be  a  g r a y   p a r t i c u l a t e ,   w h i c h  

was  l i g h t l y   g r o u n d   by  b r u s h i n g   t h r o u g h   a  s i e v e   t o  

p r o d u c e   a  f r e e - f l o w i n g   p a r t i c u l a t e   which   was  o b s e r v e d  

oy  v i s u a l   i n s p e c t i o n   to  be  a  w e l l   mixed   b l e n d   of  t n e  

c a r b o n - n u c l e a t e d   t i t a n i u m   o x i d e   in  a d m i x t u r e   w i t h   t n e  

D o r i c   a c i d .   T h i s   m a t e r i a l   was  a n a l y z e d   b y  

i n d u c t i v e l y   c o u p l e d   p l a s m a - o p t i c a l   e m i s s i o n  

s p e c t r o s c o p y   t e c h n i q u e   and  f o u n d   to  c o n t a i n   2 3 . 2  

w e i g h t   p e r c e n t   t i t a n i u m ,   2 2 . 5   w e i g h t   p e r c e n t   c a r b o n  

and  8 .6   w e i g h t   p e r c e n t   b o r o n   w i t h   a  b a l a n c e   p r e s u m e d  

to  be  o x y g e n   and  r e s i d u a l   w a t e r .  

More  of  t h e   a b o v e - d e s c r i b e d   a c e t y l e n e   b l a c k ,  

a l o n g   w i t h   b o r i c   a c i d ,   were   a d d e d   to  a d j u s t   t h e  

p a r t i c u l a t e   c o m p o s i t i o n   to  1 9 . 6   w e i g h t   p e r c e n t  

t i t a n i u m ,   1 3 . 2   w e i g h t   p e r c e n t   b o r o n   and  24 .8   w e i g h t  

p e r c e n t   c a r b o n .   The  r e s u l t i n g   p a r t i c u l a t e   m a t e r i a l  

was  t h e n   u n i o x i a l l y   p r e s s e d   a t   a b o u t   one  KPSI  i n t o  

p e l l e t s   t h a t   w e r e   p l a c e d   in  c l e a n   c a r b o n   c r u c i b l e s .  

The  p e l l e t s   w e r e   t h e n   h e a t e d   in  a  vacuum  f u r n a c e  

i n i t i a l l y   a t   low  t e m p e r a t u r e s   in  the   r a n g e   o f  
1 0 0 - 3 0 0 ° C .   u n t i l   gas   e v o l u t i o n   s u o s i d e d ,   t h e n   t h e y  



were  h e a t e d   to   1 1 0 0 ° C .   to  1 4 0 0 ° C .   in  e i g n t  

h o u r s ,   I n i t i a t i o n   of  r e a c t i o n   was  o b s e r v e d   by  g a s  

e v o l u t i o n   i n d u c i n g   an  i n c r e a s e   in  t h e   r e d u c e d  

p r e s s u r e   when  t h e   t e m p e r a t u r e   was  in  t n e   r a n g e   o f  
1 3 0 0 - 1 1 5 0 ° C .   A f t e r   r e a c h i n g   1 4 0 0 ° C .   a r r i v a l  

t o w a r d   c o m p l e t i o n   of  t he   r e a c t i o n   was  m a r k e d   by  a  

s u d d e n   d r o p   in   p r e s s u r e   in  a b o u t   2-4  h o u r s .   H o w e v e r ,  

to  e n s u r e   a  more   f u l f i l l i n g   r e a c t i o n   fo r   t h i s   s t a g e  

of  the  p r o c e s s ,   t h e   t e m p e r a t u r e   was  m a i n t a i n e d   f o r   8 

h o u r s   a f t e r   w h i c h   t n e   f u r n a c e   was  a l l o w e d   to   c o o l  

down.  G e n e r a l l y ,   p r e s s u r e   was  k e p t   b e l o w   1 0 0 0  

m i l l i t o r r s .   A f t e r   t h e   r e a c t i o n ,   t n e   p e l l e t s   w e r e  

found   to  h a v e   c r u m b l e d   i n t o   a  l i g n t   g r a y   p o w d e r y  

mass .   The  p o w d e r   d i d   no t   need   f u r t h e r   g r i n d i n g .  

X - r a y   d i f f r a c t i o n   a n a l y s i s   i n d i c a t e d   Ti32   as  t h e  

o n l y   c r y s t a l l i n e   p h a s e .  

Tne  p o w d e r   was  t h e n   p r e s s e d   i n t o   a  p e l l e t   b y  

f i r s t   m i x i n g   w i t h   a  4  w e i g h t   p e r c e n t   d i s p e r s i o n   o f  

Carbowax   200  ( U n i o n   C a r b i d e )   d i s s o l v e d   in  m e t h y l e n e  

c n l o r i d e   and   t h e n   m e c h a n i c a l l y   p r e s s i n g   t h e   r e s u l t i n g  

m i x t u r e   a t   a  p r e s s u r e   of  10  KPSI  f o l l o w e d   b y  

i s o s t a t i c   p r e s s i n g   a t   40  KPSI.   The  p e l l e t   w a s  

s u r r o u n d e d   by  b o r o n   c a r b i d e   powder   and  p l a c e d   in  a  

c a r b o n   c r u c i b l e   c o v e r e d   w i t h   a  l i d .   T h i s   a s s e m o l y  

e n s u r e d   t n a t   t h e   a t m o s p h e r e   c o u l d   be  c o n t r o l l e d  

a r o u n d   t h e   p e l l e t   f o r   s i n t e r i n g .   The  p e l l e t   w a s  

h e a t e d   in  a  t e m p e r a t u r e   r a n g e   of  1 0 0 - 3 0 0 ° C .   t o  

remove  b i n d e r   and  t h e n   h e a t e d   to  a b o u t   2 1 0 0 o C .   i n  

a b o u t   1 .5   h o u r s .   A f t e r   r e a c h i n g   t h a t   t e m p e r a t u r e ,   i t  

was  m a i n t a i n e d   f o r   two  h o u r s   a f t e r   w h i c h   t h e   f u r n a c e  

was  a l l o w e d   to   c o o l .   P r e s s u r e   was  m a i n t a i n e d   a t   l e s s  

t h a n   1000  m i l l i t o r r .   X - r a y   d i f f r a c t i o n   a n a l y s i s  

a g a i n   i n d i c a t e d   TiB2  in  t h e   c r y s t a l l i n e   p h a s e .  



1.  A  m e t h o d   of  m a k i n g   a  c o m p o s i t i o n   c o m p r i s i n g   i n  

i n t i m a t e   m i x t u r e   a  m e t a l   o x i d e   and  a  r e d u c i n g   a g e n t  

t h e r e f o r ,   w h i c h   m e t h o d   c o m p r i s e s :  

e s t a b l i s h i n g   a  s o l u t i o n   of  a  n o n - o x i d e   s u b s t a n c e  

of  s a i d   m e t a l   in   l i q u i d   m e d i u m ;  

s e e d i n g   s a i d   s o l u t i o n   w i t h   s o l i d   and  i n s o l u b l e ,  

u l t r a f i n e   c a r b o n   p a r t i c u l a t e s   w h i c h   m a i n t a i n  

s o l i d   i n t e g r i t y   in   t h e   r e s u l t i n g   d i s p e r s i o n ;  

a g i t a t i n g   the   s e e d e d   d i s p e r s i o n ;  

g r a d u a l l y   a d j u s t i n g   t h e   pH  of  l i q u i d   m e d i u m ,  

w h i l e   a g i t a t i o n   c o n t i n u e s ,   by  b r i n g i n g   s a i d  

l i q u i d   medium  in   c o n t a c t   w i t h   o r g a n i c ,  

c a r b o n - c o n t a i n i n g   s u b s t a n c e   y i e l d i n g   h y d r o x y l  

i o n s   in  a q u e o u s   m e d i u m   a t   e l e v a t e d   t e m p e r a t u r e ;  

e s t a b l i s h i n g   s a i d   l i q u i d   medium  a t   s u f f i c i e n t l y  

e l e v a t e d   t e m p e r a t u r e   to   y i e l d   s a i d   h y d r o x y l   i o n s ;  

f o r m i n g   h y d r o u s   m e t a l   o x i d e   c r y s t a l s   w i t h   s a i d  

u l t r a f i n e   p a r t i c u l a t e   c a r b o n   s e e d s   in  s a i d  

d i s p e r s i o n ;  

s e p a r a t i n g   t h e   r e s u l t i n g   s e e d e d   c r y s t a l s   f r o m  

s a i d   d i s p e r s i o n   m e d i u m .  



2.  The  m e t h o d   of  c l a i m   1,  w h e r e i n   s a i d   s o l u t i o n   i s  

s e e d e d   w i t h   c a r b o n   p a r t i c u l a t e s   of  h i g h   p u r i t y ,  

h a v i n g   a v e r a g e   p a r t i c l e   s i z e   w i t h i n   t h e   r a n g e   of  f r o m  

a b o u t   0 . 0 1   m i c r o n   to   a b o u t   0 . 1   m i c r o n .  

3.  The  m e t h o d   of  c l a i m   1  or  2,   w h e r e i n   t h e r e   i s   s e e d e d   a  

s o l u t i o n   of  a  h a l i d e   s a l t   of  s a i d   m e t a l .  

4.  The  m e t h o d   of  any  one  of  t h e   p r e c e d i n g   c l a i m s ,  

w h e r e i n   pH  is   a d j u s t e d   by  a d d i t i o n   o f   o r g a n i c ,  

c a r b o n - c o n t a i n i n g   s u b s t a n c e   y i e l d i n g   ammonia   p l u s  

h y d r o x y l  i o n s   in  a q u e o u s   m e d i u m   a t   e l e v a t e d  

t e m p e r a t u r e .  

5.  The  m e t h o d   of  any  one  of  t h e   p r e c e e d i n g   c l a i m s ,  

w h e r e i n   s a i d   l i q u i d   medium  i s   h e a t e d   d u r i n g   c r y s t a l  

f o r m a t i o n   to   e s t a b l i s h   same  a t   s u f f i c i e n t l y   e l e v a t e d  

t e m p e r a t u r e   to   y i e l d   h y d r o x y l   i o n s .  

6.  The  m e t h o d   of  any  one  of  t h e   p r e c e d i n g   c l a i m s ,  

w h e r e i n   b r i n g i n g   s a i d   l i q u i d   medium  in  c o n t a c t   w i t h  

s a i d   o r g a n i c   s u b s t a n c e   c o m p r i s e s   b r i n g i n g   o r g a n i c  

l i q u i d   m e d i u m   in  c o n t a c t   w i t h   a q u e o u s   m e d i u m  

c o n t a i n i n g   s a i d   o r g a n i c   s u b s t a n c e .  

7.  The  m e t h o d   of   any  one  of  t h e   p r e c e d i n g   c l a i m s ,  

w h e r e i n   f o r m a t i o n   of  s a i d   h y d r o u s   m e t a l   o x i d e  

c r y s t a l s   w i t h   s a i d   u l t r a f i n e   p a r t i c u l a t e  c a r b o n   s e e d s  

c o m p r i s e s   p r e c i p i t a t i n g   s a i d   o x i d e   c r y s t a l s   and  s e e d s  

f rom  s a i d   d i s p e r s i o n .  

8.  The  m e t h o d   of  any  one  of  t h e   p r e c e d i n g   c l a i m s ,  

w h e r e i n   s a i d   s o l u t i o n   i s   s e e d e d   w i t h   s a i d   c a r b o n  

p a r t i c u l a t e s   p l u s   p a r t i c u l a t e   m e t a l .  



9.  The  m e t h o d   of   any   one   o t   the   p r e c e d i n g   c l a i m s ,  
w h e r e i n   s a i d   p r e c i p i t a t e   is   s e p a r a t e d   f r o m  

s u p e r n a t a n t   l i q u i d .  

10 .   The  m e t h o d   of   any   one  of   t he   p r e c e d i n g   c l a i m s ,  

w h e r e i n   s a i d   p r e c i p i t a t e   is  s e p a r a t e d   by  f i l t r a t i o n  

and  is   f u r t h e r   c o o l e d   and  d r i e d   b e f o r e   c a l c i n i n g .  

11.   The  m e t h o d   o f   any   one   o f   t he   p r e c e d i n g   c l a i m s ,  

w h e r e i n   s a i d   p a r t i c u l a t e   c a r b o n   s e e d s   a r e   s e l e c t e d  

f rom  t h e   g r o u p   c o n s i s t i n g   of  a c e t y l e n e   b l a c k ,  

l a m p b l a c k ,   f u r n a c e   b l a c k ,   c h a n n e l   b l a c k   and  t h e i r  

m i x t u r e s .  

12 .   The  m e t h o d   of  any   one  of  the   p r e c e d i n g   c l a i m s ,  

w h e r e i n   s a i d   p a r t i c u l a t e   c a r b o n   s e e d s   n u c l e a t e   a  

t r a n s i t i o n   m e t a l   o x i d e   of  Group   IVb ,   Vb,  or  V I b  

i n c l u d i n g   r e f r a c t o r y   h a r d   m e t a l s .  

13 .   T h e  m e t h o d   of   any   one  of   t he   p r e c e d i n g   c l a i m s ,  

w h e r e i n   s a i d   p a r t i c u l a t e   c a r b o n   s e e d s   n u c l e a t e   o x i d e  

c r y s t a l s   of  m e t a l s   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g  

of  t i t a n i u m ,   z i r c o n i u m ,   a l u m i n i u m ,   n i o b i u m ,   h a f n i u m ,  

v a n a d i u m ,   t a n t a l u m ,   c h r o m i u m ,   m o l y b d e n u m ,   t u n g s t e n  

and  t h e i r   m i x t u r e s .  

14.   The  m e t h o d   of   any  one  of  the   p r e c e d i n g   c l a i m s ,  

f u r t h e r   c o m p r i s i n g :  

a d m i x i n g   t h e   r e s u l t i n g   s e p a r a t e d   s e e d e d   c r y s t a l s  

w i t h   a  r e a c t a n t   f o r   the   m e t a l   o x i d e ;  

c a l c i n i n g   t h e   r e s u l t i n g   a d m i x t u r e ,   a n d  

r e a c t i o n   s i n t e r i n g   t h e   c a l c i n e d   a d m i x t u r e .  

15.   The  m e t h o d   o f   c l a i m   14 ,   w h e r e i n   t h e   r e a c t a n t   i s   a  

b o r o n - c o n t a i n i n g   s u b s t a n c e ,   t h e   c o m p o s i t i o n   b e i n g  

c a p a b l e   of  f o r m i n g   r e f r a c t o r y   h a r d   m e t a l   b o r i d e .  



16.  The  m e t h o d   of   c l a i m   12  or  13,   w h e r e i n   s a i d   c a l c i n i n g  
i s   c o n d u c t e d   in  n i t r o g e n - c o n t a i n i n g   a t m o s p h e r e   f o r  

p r o d u c i n g   a  r e f r a c t o r y   h a r d   m e t a l   n i t r i d e   a b r a s i v e  

p o w d e r .  

17.   The   m e t h o d   of   any   one  of  c l a i m s   1 - 1 4 ,   w h e r e b y   t h e  

u l t r a f i n e   c a r b o n   p a r t i c u l a t e s   a r e   s e e d e d   in  an  a m o u n t  

s u b s t a n t i a l l y   l e s s   t h a n   s t o i c h i o m e t r i c   f o r   r e d u c t i o n  

o f   s a i d   m e t a l   o x i d e ,   and  w h e r e b y   t h e   r e s u l t i n g  

s e p a r a t e d   s e e d e d   c r y s t a l s   a re   a d m i x e d   a f t e r  

s e p a r a t i o n   f r o m   t h e   d i s p e r s i o n   w i t h   a d d i t i o n a l  

u l t r a f i n e   c a r b o n   p a r t i c u l a t e s   in  an  a m o u n t   s u f f i c i e n t  

t o   p r o v i d e   a  t o t a l   of  s a i d   p a r t i c u l a t e s   g r e a t e r   t h a n  

s t o i c h i o m e t r i c   f o r   r e d u c t i o n   of  s a i d   m e t a l   o x i d e ,   t h e  

a d m i x t u r e   b e i n g   c a p a b l e   of  f o r m i n g   a  m e t a l   c a r b i d e .  

18.  The   m e t h o d   of   any  one  of  c l a i m s   1 - 1 1 ,   w h e r e i n   t h e  

m e t a l   i s   s i l i c o n   and  the   s e e d e d   c r y s t a l s   c o m p r i s e  

s i l i c o n   o x i d e ,   t h e   m e t h o d   f u r t h e r   c o m p r i s i n g   a d m i x i n g  

t h e   r e s u l t i n g   s e p a r a t e d   s e e d e d   c r y s t a l s   w i t h   m e t a l l i c  

o x i d e ;   and   c a l c i n i n g   the   r e s u l t i n g   a d m i x t u r e   t o  

p r e p a r e   an  i n t i m a t e   m i x t u r e   of  m e t a l l i c   o x i d e   w i t h  

s e e d e d   s i l i c o n   o x i d e   c r y s t a l s ,   w h i c h   m i x t u r e   i s  

a d a p t e d   f o r   p r e p a r i n g   m e t a l   s i l i c i d e   by  e l e v a t e d  

t e m p e r a t u r e   r e a c t i o n .  

19.  A  d r y   s o l i d ,   f r e e - f l o w i n g   p a r t i c u l a t e   p r o d u c e d  

a c c o r d i n g   t o   one  of  t he   c l a i m s   1 - 1 8 ,   c o m p r i s i n g  

c r y s t a l s   of   d e h y d r o x y l i z e d   m e t a l   o x i d e   n u c l e a t e d   w i t h  

a  r e d u c i n g   a g e n t   o f   s o l i d ,   u l t r a f i n e   c a r b o n  

p a r t i c u l a t e   s e e d s ,   t h e   s e e d e d   c r y s t a l s   b e i n g   i n  

i n t i m a t e   m i x t u r e   in   t he   p a r t i c u l a t e   w i t h   a  r e a c t a n t  

f o r   t h e   m e t a l   of  s a i d   m e t a l   o x i d e ,   w h i c h   r e a c t a n t   i s  

c a p a b l e   of   r e a c t i n g   w i t h   s a i d   m e t a l   when   t h e   m e t a l   i s  

r e d u c e d   by  c a r b o n .  



20.   The  p a r t i c u l a t e   of  c l a i m   19 ,   w h e r e i n   s a i d   c r y s t a l s  

a r e   of   d e h y d r o x y l i z e d   t i t a n i u m   o x i d e   and  s a i d  

r e a c t a n t   i s   a  b o r o n - c o n t a i n i n g   r e a c t a n t .  

21 .   The  p a r t i c u l a t e   of  c l a i m   19  or  20 ,   w h e r e i n   s a i d  

s e e d e d   c r y s t a l s   a r e   in  i n t i m a t e   m i x t u r e   w i t h   r e a c t a n t  

p l u s   p u l v e r u l e n t   m e t a l ,   t h e   p a r t i c u l a t e   b e i n g  

e l e c t r i c a l l y   and   t h e r m a l l y   c o n d u c t i v e .  

22.   An  a b r a s i v e   p o w d e r   of  v e r y   f i n e l y   d i v i d e d   p a r t i c l e s  

of   s u b s t a n t i a l l y   u n i f o r m   s i z e   of  n o t   a b o v e   a b o u t   0 . 5  

m i c r o n ,   p r o d u c e d   by  t h e   p r o c e s s   of  c l a i m   1 6 .  
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